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INTRODUCTION 



In c* Inlcal evaluations of sensory channels , some amount of examiner Judg- 
ment must enter the picture and Is often desirable and essential. However, 

It Is extremely Important that this Judgment does not obscure nor preclude ac- 
curate measurement. In a test that utilizes the classic psychophysical method 
of adjustment as a procedure, the Influence of examiner Judgment on responses 
by the subject Is eliminated to a great extent. 

In 1947, von Bekesy (1947) designed a new self-recording variable fre- 
quency audiometer that Incorporated the psychophysical met tod of adjustment 
for measuring the acuity of the auditory channel# With this device, the sub- 
ject '$) can control the intensity of the auditory stimulus ns he traces back 
end forth across his threshold. This type of audiometer been of great 
value as a research tool and as a clinical procedure In the differential di- 
agnosis of auditory disorders. 

Automatic audiometry, as It sometimes Is called, has been utilized success 
fully with adults for auditory threshold tracing since Its Invention. More 
recently Lundberg (1952), Reger and Kos (1952) and Jerger (I960) demonstrated 
the value of the self-recording audiometer In diagnosis when used as part of 
an auditory test battery designed to ascertain site of lesion within the audi- 
tory system. Because of Its great value as a clinical tool with adults. It 
ts easy to surmise that It could be of real Importance In the assessment of 
the auditory system In children. However, because of the complexity of the 
test procedure, one often has difficulty Instructing adults adequately In 
order that meaningful audiometric data result. This problem becomes greater 
In the case of young children. 

Literature concerning the clinical application of automatic audiometry 
with children has been limited. Price and Falck (1963) reported having ob- 
tained clinically useful data from most of the children In their study whose 
CA and MA were at least seven years, but that younger children began to ex- 
perience difficulty. Hartley and Slenenthaler (1964) reported success In 
eliciting some threshold information In children as young as CA four years. 
However, In reporting the relationships between automatic (fixed frequency) 
and conventional pure tone audiometry In children, they found that the four 
and five year old children used In their study obtained less sensitive thresh- 
olds and gave more variable responses with automatic audiometry than did 
eight to ten year olds. Also, the mean length of excursion (press-to-release 
peaks) for the younger group (CA four and five years) was larger than that 
of the older group (CA eight to terr years). 

In the studies referred to thus far, the Ss were either adults or 
children who could be Instructed verbally through spoken or written language. 

It was the goal of the present project to devise and standardize a non-verbal 
method for Instructing young deaf children to perform Bekesy audlcmetr,# 

An accurate assessment of auditory thresholds at an early age In children 
with communicative disorders can supply Important isrrormatlon required for 
early and appropriate program planning. This type of audlcmetrlc procedure 
can also contribute to a more accurate longitudinal study of hearing Impaired 
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children. Test-retest data are often contaminated when the assessment Is 
made through use of conventional audlcmetrlc techniques and performed by more 
than one examiner over a period of years. 

The precursory test procedure for this study Is a clinical version of a 
vlbrotactlle (V-T), non-verbal, Instructions I technique used to condition 
young children for derivation of auditory thresholds utilizing conventional 
audiometry and was reported by Frlslna (1962) Sti 1962. This technique of 
Instruction has continued to be employed successfully In clinical audiometry 
with muny very young children since It was first reported. The present study 
Is an attempt to apply the same principle In the standardization of non- 
verbal V-T Instructions for use In automatic audiometry which hopefully could 
result In a more quantifiable and hence more objective research and clinical 
means for assessing the hearing of children. 



OBJECTIVES 



There were two primary goals of the present study: PART I ) to stand- 

ardize a nonverbal Instructional procedure for use In the administration ©f 
an auditory test (Test I); PART II) to develop an alternate test cf hearing 
that also utilizes a nonverbal Instructional technique (Test II). 

Part I of the study was divided Into two phases. The first phase was 
organized to establish such basic vlbrotactlle (V-T) data as appropriate 
stimulator placement, pressure of stimulator, expected average V-T threshold, 
and envelope size and variation. Adult hearing and deaf Ss were to be 
utilized for these data. Also Important In the first phase was to determine 
whether or not adult Ss could understand and follow nonverbal vlbrotactlle 
(V-T) Instructions and later apply this knowledge In completing an auditory 
threshold tracing task. The second phase was planned to allow determination 
of the minimum age (CA) at which the V-T Instructional procedures were still 
adequate. The Ss for this part of the study were to be deaf children from 
the Maryland School for the Deaf, the Kendall School for the Deaf, and the 
Hearing and Speech Center preschool at Gallaudet Collage. 

Part H was also divided into two phases with the same rationale as 
above: I) to establish baste data for an alternate test of hearing utilizing 

a nonverbal Instructional mode (Test II); and 2) to establish the minimum 
CA at which the nonverbal Instructional procedures were still adequate for 
Test II. Again adult hearing and deaf were to be utilized for the first part, 
and children from the Kendall School for the Deaf and the Hearing and Speech 
Center Preschool were to serve as subjects for the second part. 

Analyses of the data were expected to provide answers to the following 
questions: 



?ART I 



A. Basic Data for Test I: 
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1. Whet device would be satisfactory for controlling 
the pressure of the V-T stimulator and also allow 
easy attachment to both adults and children? 

2. What position on the hand would be sat I sf actory for 
placement of the V-T stimulus (Radloear S-7QA bone 
conduction oscl I lator)? 

3. What nonverbal V-T Instructions lead to V-T threshold 
tracing? 

4. What are the average thresholds and expected envelope 
sizes for the V-T stimulus In adults? 

5. Does cross-modal Ity geriral Izatlon take place between 
a learned V-T tracing task and an unlearned auditory 
threshold tracing task In adults? 

6. How do these results compare with the new ISO reference 
levels In adult Ss with normal hearing and auditory 
thresholds obtained by conventional audiometry In deaf 
adults? 

B. Application of Test I to Deaf Children: 

1. Are deaf children able to understand the nonverbal 

V-T Instructions? If so, can they apply this knowledge 
to the V-T threshold tracing task? 

2. Once having learned the V-T threshold tracing task, 
can they generalize their knowledge to tracing their 
thresholds for a pure tone auditory stimulus with no 
further Instructions? 

3. What Is the minimum CA at which deaf children are 
capable of completing both the V-T and auditory 
threshold tracing tasks? 

4. Are auditory thresholds by this method and conventional 
audiometry comparable? 

5. How do thresholds and envelope size obtained on children 
compare with those of adults? 

PART II 

A simple timing mechanism was added to the existing standard 
GS E-800 self-recording audiometer utilized above. This modification 
was Introduced to simplify the auditory threshold tracing task Vn 
order to increase the probability that younger deaf children could 
trace their thresholds. 
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A. Basic Data for Test II: 

I. With verbal Instructions (written and spoken), Is It 
possible to obtain the auditory thresholds of hearing 
and deaf adults with a modified ascending technique 
utilizing the GS E-800 self-recording audiometer and 
the timer modification? 

2* How do these auditory thresholds compare to those ob- 
ta I ned by the threshc I d-crcss I ng techn I que ut 1 1 1 zed 
In Test I? 

B. Application of Test II to Deaf Children: 

1. Are deaf children able to understand nonverbal V-T 
Instructions end apply them to the performance of 
the V-T and auditory threshold tracing tasks with 
the modified GS E-800 equipment? 

2. What Is the minimum CA for which the modified equip- 
ment and nonverbal V-T Instructions are applicable 
for deaf children? 



RELATED RESEARCH 



A vlbrotactll le (V-T) Instructional technique for conditioning young 
children to respond to an auditory stimulus was first described by Fr I slna 
(1962). In that report he described the Instructional technique as follows: 



"The first step In the actual testing procedure Is 
to derive a frame of reference or baseline for the ability 
to associate a stimulus and a specific respor.e. The 
child Is first stimulated with the bone oscillator. The 
oscillator Is removed from the headband and placed on the 
back of the child’s hand. A 500 cps pure tone Is presented 
at the maximum output level. This Is sufficient to pro- 
duce a vibratory sensation which Is well above the tactile 
threshold. Immediately following the onset of the stimulus 
the examiner places a ring on a peg. This stimulus- 
response procedure Is repeated three times. Next the child 
Is given the ring. The stimulus Is presented and the child’s 
action Is observed. If the child dees not place the ring 
on the peg, the clinician takes the child’s hand and places 
the ring on the peg. The stimulus Is given again and the 
child’s reaction Is observed. If the child does not place 
the ring on the peg he Is again assisted. The procedure 
Is repeated as often as necessary for the child to operate 
independently. It Is Important In this conditioning pro- 
cedure that the response be made following each stimulus 




with or without the clinician's assistance Generaliz- 

ing from touch to 9 ound Is the rule rather than the ex- 
ception." (p.480) 

The same V-T Instructional approach was described by Thorne (1962) with 
acknowledgments to Frlslna and Bernero for acquainting him with the technique. 
Thorne stated the following: 

"In the past six months since the conditioning tech- 
nique was Introduced Into a clinic. It has been found that 
It Is possible to obtain better test results with pure- 
tone audiometry or a variety of cases which might have dis- 
couraged this stimulus approach heretofore. It has general- 
ly been helpful In obtaining thresholds on younger age 
groups. In addition. It Is helpful with children with Im- 
mature personalities, the mentally retarded, and the 
aphasold chi Id." (p.84) 

In the same article, Thorne described several advantages of this con- 
ditioning process: 

"(a) It Is simple and uses readily available tools. 

(b) It gives the child multlsensory cues to attend to. 

(c) It Is Inexpensive and compatlb'e wltn standard test 
procedures, (d) It provides a bridge between the abstract 
task by showing the child where scund actually comes from, 
and what he should look for." 

The Importance of achieving valid and reliable audtometrtc test results 
at an early chronological age Is of course understood by those who are In- 
volved In the assessment of and/or program planning and education of deaf 
children. During the 1965 National Conference on the Audlologlc Assessment 
of the Mentally Retarded (Lloyd and Frlslna, 1965), the questions of re- 
liability and validity In auditory testing were discussed at some length. 

Donnelly (1965) described In detail the V-T Instructional technique 
utilized for eight years at the Gallaudet College Hearing and Speech Center 
to condition young children to take a hearing test. He concluded by saying: 

"In sumnary, then, we have discussed a method of be- 
havioral conditioning for audiometries with young children. 

The method depends on conditioning with a tactile stimulus 
of 500 cps presented through the bone conduction vibrator 
of an audiometer. This method has been demonstrated as 
reliable and valid for children down to a mental age of ap- 
proximately 22 months. For those children who are unwill- 
ing to accept earphones, this method usually provides at 
least a screening of bone conduction levels, since these 
levels are obtained prior to air conduction testing." (p.69) 

In the above discussion, several possible advantages of the V-T Instruc- 
tional mode In a clinical situation warn mentioned: 



- 6 - 



a) Genera 1 1 z 1 ng from touch to sound Is the rule rather than 
the exception. 

b) With the V-T Instructional mode. It Is possible to obtalln 
belter test results on a variety of cases . 

c) It has been helpful In obtaining thresholds on younger 
age groups . 

d) It utilizes readily available tools and Is I nexpensive . 

e) The method has been demonstrated as val Id a;td rel table . 

All of the above aspects of a conditioning technique are Important con- 
siderations In the development of a new test Instructional procedure and, as 
such, were considered during the development of the present standardization 
project which Is a dlroct outgrowth of the V-T Instructional technique men- 
tioned above. However, that method described was employed In conjunction 
with conventional audlometrlc techniques (psychophysical method of limits). 

It was the goal of the present project to attempt to apply the V-T Instruc- 
tional technique to self -audiometry (psychophysical method of adjustment) 
with young deaf children. In addition to those advantages already mentioned 
above, at least two more are added with application of the V-T technique to 
self -audiometry with young deaf children; to a great extent examiner Judg- 
ment Is eliminated and Ir most situations there Is need for only one audi- 
ologist Instead of twc. 

Bekesy audiometry as originally designed (Bekesy, 1947) has undergone 
minor changes In design. The Grason-Stad ler E-800 model, as used In this 
study, has been In use for some ten years In this country. Procedural as- 
pects of automatic audiometry researched with various models Include studies 
of rate of frequency change and Its relationship to absolute threshold 
(Harris, 1964; Corso, 1956); rate of attenuation and variability In thresh- 
old measurement (Corso, 1956); excursion size and definition of threshold 
In Bekesy audiometry (Corso, 1956; Burns and Hlnchcllffe, 1957; Stream and 
McConnell, 1961; Lundborg, 1952; Llden, 1953; Palva, 1956; Jerger, I960; 
Bllger, 1965; Price, Shepherd, and Goldstein, 1965). The essential findings 
from these studies Indicate that Bekesy audiometry Is a valid and reliable 
method for determining absolute thresholds and that an Interrupted tone as 
opposed to a continuous tone provides a tfore accurate threshold determination. 
In addition, the absolute threshold Is relatively Independent of the rate of 
frequency change over the range of one to four mlrutes per octave; the vari- 
ability of the excursion size Is also Independent of the rate of frequency 
change but Is related to the attenuation rate. 

T(, x tenuatlon rate of 2.5 dB/second was selected for use In the present 
study on > ,e basis of these findings and the fact that this attenuation rate 
Is common o all of the E-800 audiometers that have been and are presently 
being made commercially and thus found In most modern audtologlc centers In 
the U. S. today. 
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A study of reaction time, difference limen and amplitude of excursion 
on the normal Bekesy audiogram utilizing the 2.5 dB/second atteraiatlon rate 
Indicated that among normal hearers, size of excursion is not related to re- 
action time, nor to difference limen at the middie or upper audiometric 
frequencies (Slegenthaler, 1961). According to that study this finding "may 
be generalized to the hearing defective population In whom the specific de- 
fect would not be presumed to cause other than normal amoynts of variation 
In reaction time.” 

The probable significance of excursion size as related to Interrupted 
and continuous tones In diagnostic audiometry has been reported In a number 
of studies, particularly In Jerger (I960) and subsequent reports sueh as 
Jerger (1961), Bangs (1962), Price et al (1965) and Bl Iger (1965). As a re- 
sult, for the purpose of the present study Interrupted tones were used to 
determine absolute thresholds. A standard rate of 2.5 Ips which Is common 
to existing E-800 audiometers was used throughout the present project. 

Previous studies concerned with Bekesy audiometry and children (Price 
and Falck, 1963; Hartley end Slegenthaler, 1964) discussed earlier In this 
Introduction lend support tc /he concept that a great number of children. 

If properly instructed, can perform this task and thus provide additional 
means for gathering data about the auditory system of children. The present 
study concerned Itself principally with an Instructional procedure not re- 
quiring verbal comprehension and/or expression on the part of the child. It 
was the objective of the present study to demonstrate the applicability of 
ti«ls technique to children with communicative disorders. 

A general background of Information relative to the present study has 
been provided above. Additional research findings from other studies and 
pertinent to the present Investigation are Interspersed throughout the experl 
ments that follow In this report. 



APPARATUS, TEST ENVIRONMENT, SUBJECTS, AND PROCEDURES 



The present study consisted of eight separate experiments. The first 
five experiments dealt with establishing basic V-T data with deaf and hearing 
adults and determining the minimum CA for which the nonverbal V-T Instruc- 
tional procedures for Test I were adequate with deaf children. The sixth 
experiment dealt with an alternate set of nonverbal V-T Instructions for 
Test I. Experiments VII and VIII were concerned with the establishment of 
basic data with an alternate test (Test II) utilizing a V-T Instructional 
mode. Again It was important to determine the minimum CA for which Test II 
was still adequate. 

A. Apparatus 

The basic piece of equipment utilized In the present study was the 
standard Grason-Stadler E-800 self-recording audiometer equipped with TDH-39 
receivers and MX-4I/AR cushions. The Grason-Stadler E-800 audiometer. 
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originally developed by Bekesy, Is shown In Figure I. It consists mainly of 
a continuously variable frequency pure tone oscillator, a motor driven 
attenuator controlled by the response switch that Is manipulated by the S, 
and a recording chart that preserves the responses made by the S, 

Several minor modifications of this standard equipment were made through- 
out the study. Since It was the dual purpose of the present project to develop 
and standardize both a V-T Instructional technique (Test I) and a new test 
(Test II) Incorporating the V-T Instructional technique for general use In 
other clinics. It was Important to keep In mind the matter of expense and easy 
availability of equipment. The GS E-800 Is presently being used as a standard 
piece of equipment In most modern audlologlc cl Inlcs. Therefore, the only 
expense Incurred would be that for purchase of a few relatively Inexpensive 
devices to modify the E-800. The following Is a list of modifications utilized 
during rhe study: 

1) The v I brotact 1 1 e transducer (see Figure 2) for furnishing the V-T 
stimulus was a standard ftadioear £-T0A bone conduction receiver. A 250 gm. 
pressure spring mounted on an ova I -shaped zinc plate (20 X 12 mm surface 
area) was attached to the transducer with Dupont Duco Cement. The spring- 
plate modification was utilized to control the amount of pressure with which 
the transducer was mounted on the S's finger. The B-70A was connected to 
the standard tone-phone output of the E-800 audiometer for power source and 
was utilized In both Tests I and II. 

2) A manual ly operated attenuator was utl 1 1 zed In order to allow the ex- 
perimenters to perform convent I ona I aud I ometry (psychophysical method of limits) 
with the GS E-800 audiometer. This device shown In Figure 3 was a standard 
Hewlett-Packard 350B, 5 watt, 600 Ohm, I dB Increment attenuator. It was 
Inserted between the ourput of the oscillator and the standard attenuator set 

In order to permit the utl llzatlon of the same GS E-800 for determination of 
auditory thresholds by both conventional and automatic eudlometrlc techniques. 
This was used In Test t. 

3) A smaller subject response switch was Introduced. It was noticed 
during Experiment V then* the younger children were experiencing problems In 
depressing the standard E-800 response switch because of Its relatively large 
size. Therefore, the smaller standard Rudmose automatic audiometer response 
switch shown In Figure 4 was substituted for the remainder of the experiments 
where In Tests I and II children were utilized as Ss. 

4) A timer mechanism was utilized to simplify the V-T and auditory 
threshold tracing tasks. Shown In Figure 3, this timer mechanism was supplied 
by the Grason-Stad ler Company upon the request of the authors. Its purpose 
was to allow a single press of the response switch to drive the attenuator 
motor In the oppof ite direction for a preselected period of time, variable 

In one second Intervals up to 60 seconds, then automatically reverse Itself 
until depressed again. This was used In Test II only. 

5) A selector switch was utilized to simplify the task of switching 
from a V-T f o an auditory stimulus. The new standard E-800-8 eerphone 






Fig. 2. Vibro+ac+ile Transducer (Radioear Model 8-70A) with spring-plate 
modi f i cation. 









Fig. 3. Hewlett-Packard at+enuato'-. Model 350B, used in performing standard 
audiometry (#9); special purpose timer mechanism used in Test II 
(#10); selector switch for one or two room test procedure (# 8 ). 




Fig. Vibrotactile Transducer (#1); Rudmose subject response switch (#2); 
Remote control f ootpeda I used in Test II (#3). 
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selector switch manufactured by the Grason-Stadler Company was used to perform 
this function. With this selector switch, as shown In Figure I, It Is possible 
to Insert the bone conduction transducer plug In one Jack and one plug for the 
standard £-800 air conduction receivers Jr* the other Jack of the selector 
switch. The red plug of the selector switch Is then Ins^ted Into the TONE 
PHONE outlet on the rear of the E*G00 chassis (the blue masking plug Is 
tucked aside). Thus, by merely switching back and forth between the two 
positions on the selector switch. It Is possible to utilize either the V-T 
or air conducted auditory stimulus as the situation warrants. This was used 
In both Tests I and 31. 

8. Test Environment 



There were two basic test environments utilized during this study. 

The hearing status of the Ss determined the respective environments. Basically, 
an InC two-room sound-treated environment was utilized with the adult hearing 
Ss and a one-room situation was used with deaf Ss. These test situations are 
described In detail In each experiment. 

C. Subjects 

The Ss are described In detail In the Individual experiments; only 
a general description will be given here. As Indicated In Table I, the non- 
deaf adult subjects utilized during the first two experiments and Experiment 
VII to establish basic V-T and auditory data were selected on the basis of 
reported normal hearing. In the case of hearing $s no assessment of hearing 
utilizing conventional audiometric techniques was made at the outset of the 
study. Many of the Ss were members of the Gallaudet College staff, and a 
few were people from the local area. 

The criterion for selection of deaf children and adults for the first 
five experiments was a hearing toss of not less than 80 dB (ISO) In the 
better ear at 1000 cps. Since It became Increasingly difficult to obtain 
very young deaf Ss (80 dB or greeter loss at 1000 cps) for the last three 
experiments (VI, VII, VIII), the criterion was changed to Include Ss who had 
at least a moderate (55 dB ISO or more) bilateral hearing loss. 

The deaf adult Ss were selected randomly from among the Gallaudet College 
staff and students. The deaf children utilized were obtained from among 
three populations: I) The Maryland School for the Oeaf; 2) The Kdndall 

School for the Oeaf located on the Gallaudet College campus; and 3) The 
Gallaudet College Hearing and Speech Center Preschool. Table I summarizes 
the characteristics of the samples used In this project. The deaf children 
wero selected after some general observation and consultation with their 
respective teachers. This consultation was performed In order to eliminate 
variables such as severe emotional problems and low Intelligence from possibly 
Interfering with the S*s performance of the V-T and auditory threshold tracing 
tasks. 



D. Procedures 



There were several different V-T Instructional procedures developed 



TABLE I. SUMMARY TABLE OF SUBJECTS UTILIZED IN TOTAL PROJECT 
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throughout this study In an effort to find those most suitable for ***• of 
administration,, etc. The task was then to attempt to standardize those pro- 
cedures found most acceptable. Three basic V-T Instructional modes were 
developed from those utilized and will be described briefly In this section. 

A more thorough description will be found In the "Procedures*' section In 
each of the eight experiments. 

Instructional Technique A 

The first of the three basic V-T Instructional procedures. In- 
structional Technique A, Test I (IT-A), was an attempt to standardize a 
nonverbal V-T instructional procedure suitable for obtaining auditory thresh- 
olds by routine Bekesy. In IT-A, as shown In Figure 5, It was necessary 
to teach the S to respond to a tactile threshold level stimulus by depressing 
the response switch (RS). The standard Radloear B-70A bone-conduction 
oscillator (B/C oscillator) was applied to the S*s thumb on the hand opposite 
that used for writing. The experimenter <E) placed his own thumb and index 
finger along tho sides of the B/C oscillator. The E-800 was set to deliver 
a fixed frequency stimulus of 500 cps. The attenuator motor was switched to 
the "On** position; and the pen was placed on the chart table. As soon as the 
500 cps Interrupted tactile stimulus became Just barely perceptible to the E, 
he Indicated this by pointing to the oscillator and the RS and then depressed 
the S f s thumb on the RS button (S was holding the RS In his writing hand). 

The E held the $*s thumb down on the RS button until the tactile vibration 
was Just no longer perceptible and then removed It. Suitable facial and 
hand gestures were made to Indicate the stimulus was no longer present. This 
procedure was continued for five presses and five releases of the RS. The S 
was then allowed to practice the procedure on his own for five presses and 
five releases. Social reinforcement In the form of suitable facial expression 
and applause were presented when the S demonstrated that he understood the V-T 
threshold tracing task. 

If the S did not demonstrate understanding no social reinforcement was 
given and he was reinstructed and allowed to take a second practice period. 

The pen was then depressed on the chart table, and the S was allowed to attempt 
to trace his V-T threshold. The criterion for passing the test was two con- 
secutive trials of ten presses and ten releases each, the mean thresholds of 
which were within 1C dB of each other (see Figure 6). For those Ss who met 
criterion, this procedure was followed by removal of the 8/C oscillator. 

The standard GS E-600 air-conduct Ion receivers were then placed on the 
S and he was allowed to trace his auditory threshold for an Interrupted tonal 
stimulus. At the end of every test, each S*s auditory thresholds were obtained 
by conventional audlometrlc techniques using the modified Kughson-West lake 
technique (Carhart and Jerger, 1959) with the same GS E-800 audiometer In 
order to allow comparison of thresholds obtained by the two different tech- 
niques. 

As mentioned above, a more thorough description of the criteria for pass 
and fall and specific procedures appear In each separate experiment. The 
above procedures for IT-A were carried out until a minimum CA level was 
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Fig. 5. 



Six year old child perform J ng vibrotacti le threshold tracing. 
Instructional Technique A. 





Fig. 6 Vibrotacti !e threshold tracing performed by six year old pictured 
• in Figure 5. 
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reached where fifty percent or more of the Ss were able to meet criterion. The 
minimum mean CA for IT-A was six years (CA 5 yrs. 6 mos. - 6 yrs. 5 mos.}. 

Instructional Technique B 

V-T Instructional Technique B, Test I < IT— B) was an attempt to 
lower the minimum CA at which fifty percent or more of the Ss could meet 
criterion successfully. The general procedures remained the same as those 
utilized a IT-A. However, there were a few specific changes made. The 
most Important change was In the V-T stimulus Itself. Instead of learning 
to respond to a variable Intensity threshold level stimulus, a fixed Inten- 
sity V-T stimulus at a suprathreshold level was delivered to the thumb of 
the S. This was accomplished by setting the recording pen of the GS E-800 
at a suprathreshold level on the chart table with the stimulus switch In the 
"Alternate-On” position (no tone delivery). The E then switched the stimulus 
switch to the "Stimulus-On" position and simultaneously depressed the S's 
thumb on the button of the RS for the length of the stimulus. The S*s thumb 
was removed from the RS when the stimulus switch had been returned to the 
"Alternate-On” position. As above, the S was allowed to practice tracing his 
V-T ar»d auditory thresholds once he had demonstrated an understanding of the 
task at hand. The same criterion for pass and fall was utilized. Figure 7 
shows a youngster performing after having learned through IT-B. 

The minimum CA at which fifty percent or more of the Ss met criterion 
for IT-B was five /ears (CA 4 yrs. 6 mos. - 5 yrs. 5 mos.). Indications 
were that IT-B was more rapidly understood by those Ss who met criterion 
than was IT-A. 

f 

Instructional Technique C 

The third basic procedure was utilized with Test II (IT-C). This 
procedure was quite similar to IT-B. However, for Test II, a modification 
of the standard GS E-800 was made In an attempt to further simplify the 
learning task for tracing V-T and auditory thresholds. The modification 
was the timer mechanism briefly described above In the "Apparatus” section 
and shown In Figure 3. With this mechanism, the S no longer had to learn to 
keep the RS button depressed until the V-T stimulus was attenuated beyond 
perceptabt I tty. The S was taught to depress and Immediately release the RS 
button the Instant he felt e tactile stimulus (see Figure fc). A single press 
of the RS brought the timer mechanism Into play which automatically reversed 
the attenuator motor, thus driving the recording pen In the opposite direction 
for a preselected period of time (variable In I second steps up to 60 seconds). 
The attenuator would then automatically reverse Itself (stimulus would become 
more Intense) until the R$ was depressed again when the tactile stimulus 
reached the S*s tactile or auditory threshold. Figure 9 Illustrates a typical 
V-T threshold trace with the timer set at 6 seconds attenuation time. 

Initial Instructions were delivered Iri the same manner as IT-B. A supra- 
threshold stimulus was delivered to the thumb of the S by moving the stimulus 
switch of the GS E-800 from the "Alternate-On” to the "St I mu l us-On" position. 
The thumb of the S was then pressed on and Immediately released from the RS 
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Fig. 7. Four year old child performing vibrotacti le threshold tracing 
lowing Instructional Technique B. 




Fig. 8. Three vear old child performing vibrotactile threshold tracing 
task utilizing Instructional Technique C (Test II). 




Fig. 9. Typical vibrotactile threshold tracing in Modified Ascending 

Bekesy (MAB) with timer mechanism set at 6 seconds attenuation 
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button even though the stimulus was not Immediately removed. In this manner, 
the S learned that depression of the RS button would remove the V-T stimulus, 
but not Immediately. The length of the V-T stimulus was varied. 

The minimum C A for fifty percent or greater success with IT-C was four 
years (3 yrs. 6 mos. - 4 yrs. 5 mos.). However, some Ss at CA 3 years 
(2 yrs. 6 mos. - 3 yrs. 5 mos.) were able to meet criterion successfully. 
Figure 10 Illustrates a three year old tracing his auditory threshold follow- 
ing conditioning with the V-T task. Figure II depicts a typical threshold 
trace with the timer mechanism set at a 5 second attenuation time. Follow- 
ing the V-T and auditory threshold measurement with the Modified Ascending 
Bekesy <MAB) conventional audiometry was used as a control against which the 
experimental method could be compared. Figure 12 shows a child participating 
in conventional audiometry. 

Calibration 



Before beginning the testing with each subject, the frequency and 
Intensity characteristics of the E-800 :ystem were calibrated according to 
the manufacturer^ specifications. A single phone was used when determining 
air conduction thresholds In order to minimize the effect of earphone differ- 
ences. The sound pressure output of the earphone was measured with the ASA 
6 cc coupler and the Bruel and KJaer auditory analyzer model 3320. 

Calibration of the V-T transducer was completed at the National Bureau 
of Standards by Dr. J. M. Pickett, Research Professor of Hearing and Speech, 
Gailaudet College, through the generous cooperation of Dr. Seymour Edelman 
of NBS. The details of this calibration are presented In Experiment I. 



RESULTS 



Eight experiments were conducted to gather Information concerning two 
different auditory tests which utilized a nonverbal V-T Instructional mode. 

The first six experiments were concerned with Test I and the development 
and standardization of two nonverbal V-T Instructional techniques for deriving 
auditory thresholds by the psychophysical method of adjustment as characterized 
In the standard GS E-800 automatic audiometer. 

The last two experiments were conducted to supply Information for Test II 
which Included a modification In the standard GS E-800 equipment. The modi- 
fication represen+ed an effort to simplify the existing equipment to make 
learning of the auditory threshold tracing task easier for young hearing Im- 
paired children. As In Test I, a nonverbal V-T Instructional mode was utilized 
i n Test 1 1 . 

In general, five of the first six experiments were designed to elicit 
Information concerning IT-A (nonverbal V-T Instructional Technique A). The 
sixth experiment dealt with standardization of an alternate nonverbal V-T 




Fiq. 10, Child has generalized to the auditory threshold tracing task 
(Test II). 




Fig. 11. Typical auditory threshold tracing in Mouified Ascending Bekesy 
(MAB) with timer mechanism set at 5 seconds. 
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Fig, 12/ Child performing conventional audiometry which was used for 
threshold comparison with new Test II. 
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Instructional technique for Test I C1T-B). 

More specifically. Experiment I was conducted to obtain basic V-T data 
with hearing and deaf adults. Such Information as best oscillator placement 
and pressure, expected V-T threshold and envelope size, variability and re- 
liability was of major Importance during this experiment. The Information 
obtained from Experiment I made It possible to proceed to Experiment II. 

Experiment II was an attempt to determine whether auditory generalization 
would take place with hearing adults after they had learned to perform the 
V-T threshold tracing task. All of the adult Ss utilized did generalize from 
a V-T to an auditory threshold tracing task with no Intervening Instructions. 

Experiment III was a replication of Experiment It with the exception that 
deaf adults were utilized. The results were similar. 

During Experiment IV, deaf children (CA 12 and It years) were utilized 
for the first time In an effort to determine whether the performance of 
children was similar to that of adults for the V-T and auditory threshold 
tracing tasks after nonverbal Instructions (IT-A). Analyses of the data In- 
dicated that threshold and other V-T and auditory Information for deaf adults 
and children were not markedly different when IT-A was used as the Instructional 
mode. 



Experiment V was an attempt to establish the minimum CA for which IT-A 
was a valid nonverbal Instructional technique for young deaf children. The 
criterion of 50 % success was met at CA levels of six years and above. 

Experiment VI was an attempt to provide an alternate Instructional 
technique (IT-B) In an effort to lower the minimum CA at which deaf children 
could successfully complete Test I. The major difference between IT-A and 
IT-B was the Intensity level of the Instructional stimulus. IT-A utilized 
a continuously variable attenuator near the V-T threshold level, whereas 
IT-B was conducted at a f?xed Intensity suprathreshold level. With IT-B, 

It was possible to lower the minimum CA to five years (CA 4 yrs. 6 mos. - 
5 yrs. 5 mos.). 

Experiment VI! was again an effort to gain basic V-T and auditory data. 

A modification was made on the standard G$ E-800 equipment In an effort to 
simplify the V-T and auditory threshold tracing tasks for young deaf children. 
In addition to those questions answered In Experiment I, It was necessary to 
find out whether auditory thresholds derived by the two different tests 
(Test I and Test II) were comparable for adults. There appeared to be a 
slight difference between the two tests (approximately 3 dB) with Test I 
yielding slightly better auditory thresholds. 

Experiment VIII was carried out to collect data on Test II. It was an 
effort to determine the minimum CA for which Test II with Its nonverbal V-T 
Instructional technique was adequate with young deaf children. The minimum 
CA appeared to be four years (CA 3 yrs. 6 mos. - 4 yrs. 5 mos.). However, It 
was possible to test some children at CA three years (CA 2 yrs. 6 mos. - 3 yrs. 
5 mos. ). 

The Individual experiments with an analysis of the procedures and results 
follow this section. 
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EXPERIMENT NUMBER I 



A. Purpose . 

Part I of this study was designed to develop a nonverbal Instructional 
procedure for use In the administration of an auditory test. A previous 
clinical version of this test (Fr Islne, 1962) utilized a vlbrotactlle con- 
ditioning procedure as a precursor to responding to an auditory stimulus. 

The purpose of Experiment I was to obtain baseline data concerning be- 
havioral responses to a specified vlbrotactlle stimulus generated by an auto- 
matic audiometer. This was to be accomplished by selecting a relatively small 
number of subjects (n»l2) and having each provide a large number of samples 
of his behavior. The V-T data sought related to: the mean and standard 

deviation of the threshold measures; average V-T envelope size; standard 
deviation and range while tracing threshold; and learning whether or not the 
selected point of attachment and amount of pressure of the V-T transducer 
were adequate. 

The dependent variable In Part I was the precision with which the subjects 
could activate the response mechanism. The quantitative measure of the dependent 
variable was the peak-to-peak decibel range (Envelope Size) graphically pre- 
served on the motor-driven recording attenuator. The mean threshold and vari- 
ance expressed In decibels thus could be arithmetically computed by recording 
the nominal SPL of consecutive pairs of presses and releases of the response 
switch. Variables which were known or suspected to Influence the dependent 
variable were: 1) method of generating a vlbrotactlle stimulus; 2) duration 

of the stimulus; 3) attenuation rate of the stimulus; 4) pressure of the 
transducer; and 5) placement of the transducer on the subject. 

These variables were controlled by: I) utilizing a 500 cps tone generated 

by a Type 1304 Beat Frequency Audio Generator included In the Grason-Stad I er 
Bekesy E-800 Audiometer; 2) utilizing a pulsed tone with an Interruption rate 
of 2.5 Ips with a rise-decay time of 25 msec.; 3) utilizing the 2.5 dB per 
second attenuation rate available In the E-800 unit; 4) holding constant the 
pressure of the transducer ty use of a small 250 gm. steel pressure spring and 
plate modification (See Figure 2) attached to the center of the back surface 
of the transducer; and 5) placing the transducer on the Inner surface of 
the thumb of the hand opposite that used for writing (See Figure 5). 

B. Subjects . 

A total of twelve young adult males was selected for this experiment. 

None reportedly had previous experience with automatic audiometry. Six were 
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select ©d on the basts of reported normal hearing and were between the ages of 
25 and 33; the other six (classified as deaf) were selected randomly from th 9 
Gallaudet College student population. Through standard audlometrlc procedures 
each of the deaf subjects met the criterion of having greater than an 80 d8 ISO 
hearing level at 1000 cps In the better ear. The ages of these students were 
between 18 and 22. 

i 

C. Instrumentation and Test Environment . 

Conventional auditory thresholds at 500 and 1000 cps In the deaf subjects 
were measured with a Be I tone 15-A discrete frequency audiometer for selection 
purposes. The discrete frequency audiometer was equ loped with TDH-39 earphones 
and MX-4I/AR cushions. Vlbrotactlle thresholds for this experiment were ob- 
tained by using the Grason-Stadler E-800 so If -recording audiometer. The vlbro- 
tactlle transducer used with the E-800 was a Radloear B-70A bone conduction 
receiver to which was attached a 250 gm. pressure spring mounted on an oval- 
shaped zinc plate (20 x 12 mm. surface area). The means of attachment of the 
zinc-plate to the spring and the spring to the transducer was Dupont Duco Cement 
(See Figure 2). This spring-plate modification was used for the purpose of 
controlling attachment pressure of the transducer. In the selection of pressure 
amount. It was necessary to find an amount that would allow the S to feel the 
vibratory sensation with sufficient ease, but not be so tight as to Interfere 
with circulation and cause the S to feel his own pulse-beat, and thus, partially 
or fully obscure the vlbrotactlle sensation. Several different amounts were 
tested with the optimum pressure of 250 gms. seeming to result. Although some 
Ss reported that there was some slight feeling of pulse-beat with the 250 gm. 
pressure application, all Ss reported that the sensation did not Interfere 
with the reception of the vlbrotactlle stimulus. When pressures greater than 
250 gms. were tested, the subjects reported that their pulse-beat Interfered 
with reception of the vlbrotactlle stimulus. The 250 gm, weighted spring was 
therefore adopted for use In this study. 

The B-70A oscl I lator was connected to the tone-phone output of the E-800 
audiometer; the latter was calibrated after every thirtieth threshold trial 
completed by each subject. 

All vlbrotactlle Bekesy tests administered to the hearing Ss were per- 
formed In an I AC 1204 sound room with the audiometer In a separate control 
room. The vlbrotactlle tests administered to deaf subjects were performed 
with the experimenter and S In the same room; the hearing levels of these 
subjects rendered Inaudible the noise of the audiometer or other room noises. 

A I” wide strip of elastic tape was used to attach the transducer to 
the Inner surface of the thumb, (Presso-Plast Elastic Adhesive Bandage manu- 
factured by Medical Fabrics Co., inc,). After examining a variety of attach- 
ment points, the inner surface of the thumb was selected as the point for the 
transducer because of Its large surface area and ease of attachment (see 
Figure 5). 
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0* Test Procedure . 

The following procedures were used to establish conditioning to the 
tactile stimulus* No explanation of the problem under study was given at 
the outset* However, Immediately after being seated In the test room, the 
following written Instructions were Issued to the S: 

In a few minutes you will begin to feel a rapidly pulsing 
vibration In your thumb. Your task will be to adjust the strength 
of this vibration so that It will become softer and fade away. You 
can do this by pushing this switch. The I nstant It fades away, you 
will release the switch until you can feel the vibration again. As 
soon as you feel the vibration again, press the switch so that the 
vibration will begin to fade away. It Is Important that the Instant 
you do not feel the vibration you release the switch so that the 
vibration will become stronger. As soon as you feel the vibration, 
adjust It as I have Just Instructed above. Are there any questions? 

As soon as the S Indicated that he understood the written Instructions, 
the following procedure was carried out: I) with the S comfortably seated 

with his arms on the arm-rests of the chair, the bone conduction transducer 
was placed on the thumb of his hand opposite to that used In writing, and 
the elastic tape was drawn around the transducer. Its spring-plate modifica- 
tion, and the patlent f s thumb with sufficient tightness to "Just barely 
depress" the spring completely; 2) the response switch (RS) was placed In 
the S*s "writing” hand; 3) the stimulus was Initiated at a subthreshold level 
of approximately 40 dB nominal SPL; 4) prior to engaging the pen to the 
E-800 graph paper the S was allowed to practice pressing and releasing the 
RS untl I his responses Indicated to the E that the task was understood; 5) 
before returning the pen to the original starting position of 40 dB nominal 
SPL, the chart table was moved to the full right position In preparation for 
tracing from left to right a graphic representation of tactile threshold; 

6) the audiometer pen was then placed In contact with the graph paper and the 
S was allowed to track his vlbrotactlle threshold 10 times, l.e., 10 presses 
and 10 releases of the response switch; 7) without further Instructions, 
the pen was returned to its original subthreshold starting level of 40 dB 
nominal SPL; 8) a second set of 10 threshold trials was carried out; 9) 
without further Instructions, the pen was returned to the 40 dB nominal SPL 
starting point In preparation for a third set of 10 threshold trials; 10) 
the S was allowed to continue with trials 21 through 30 after which the 
stimulator was removed by the E and the Bekesy unit was recalibrated In prep- 
aration for trials 31 through 60; II) these procedures were followed for 
trials 61 - 90, 91 - 120, 121 - 150, 151 - 180, 181 - 200; the V-T stimulator 
was removed and replaced following trials 30, 60, 90, 120, 150, 180. The 
purpose for removing the transducer from the S f s thumb after the specific 
trials listed under II was to allow for examination of threshold variation 
that might be related specifically to attachment of the transducer. 
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E. Results and Olscusslon . 

EL Vlbrotactl le Threshold. The nominal sound pressure leval (SPL) In dB 
for each press (n*200) and each release (n»200) per S was preserved on the graph 
paper of the recording attenuator. Each threshold was computed arithmetically 
by taking one-half the difference between each press SPL and each release SPL. 
This resulted In 200 threshold measurements per S. A summary of threshold 
data related to the six deaf and six hearing subjects used In this experiment 
Is presented In Table 1.1. 

Table 1,1. Vlbrotactl le Threshold Oata of 
Hearing and Deaf Adults 
(dB expressed In nominal SPL) 
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The 24)00 threshold trials of the twelve Ss revealed a mean threshold of 
76,2dB nominal SPL with a S.D. of 1.9. Vlbrotactl le thresholds have not been 
determined through use of the E-800 automatic audiometer In previous research 
and thus ttvsse findings constitute baseline data for the vlbrotactl le condition- 
ing procedure being developed In this project. 

Comparison of these threshold data with other research concerned with 
tactile threshold revealed a striking similarity (Knudsen, 1928; Sherrfck, 1953). 
This became evident when the B-70A was calibrated following Experiment I V-T 
measurements.' 

The bone vibrator was calibrated by means of a miniature accelerometer 
which was attached rigidly to the stimulation surface of the vibrator. Cali- 
bration response at 500 cps was observed over a range of Input amplitudes In 
the vicinity of threshold. The output waveform of the accelerometer was ob- 
served to be undtstorted and linearly related to Input over a wide range of 



I Our thanks are due to Or. James M. Pickett, Research Professor of Hearing 
and Speech, Gallaudet College, and to Dr. Seymour Edelman, bound Division, 
National Bureau of Standards, Wash., D. C., for their efforts In calibrating 
the vibrator. 
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levels and vibrator loads; output amplitude for a given Input was unaffected 
by a range of loads Including the load used In the present experiments. The 
peak-to-peak value of the acceleration waveform was measured for a reference 
Input level of OdB (nominal), a level corresponding approximately to the 
average vibratory threshold observed during the experiments; this "threshold” 
value corresponded to a peak-to-peak displacement of 544 millimicrons, a value 
which Is very close to the fingertip threshold obtained In the classical measure- 
ments by Knudson (1928), a value of 500 millimicrons, and confirmed by recent 
measurements of Sherrtck (1953). Thus we conclude that the method we employed 
In instructing our subjects to adjust the vibrator stimulus for threshold, and 
to track threshold, did In fact result In a mean stimulus amplitude level that 
was very close to "true” threshold. 

The adults used In the study were divided Into two groups, one deaf and 
the other hearing. There were no prior empirical data available to suggest 
a difference between vtbrotactlle thresholds of these two groups; thus the 
null hypothesis was tested using the Mann-Whltney U Test (Siegel, 1956). The 
resulting probability of .394 required the acceptance of the hypothesis of no 
difference between the measured threshold of the two groups. 

E2. Envelope Size . This experiment sought to gather data related to 
vlbrotactlle envelope size, or excursion width as It Is sometimes called In 
auditory measures. The size of the envelope was computed by subtracting each 
release SPL from Its companion press SPL. Since each of twelve subjects con- 
tributed 200 threshold trials the total number of excursions was 2400. The 
mean envelope size as shown In Table 1.2 was 8.1; the standard deviation was 
2 . 0 . 



Table 1.2. Vlbrotactlle Envelope Size Data of 
Hearing and Deaf Adults 
(dB expressed In nominal SPL) 
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Trials 


Group 

Mean 


; 

S. D. 


Deaf 

n*6 


200 


1200 


8.7 


1.8 


Hearing 

n»6 


200 


1200 


7.6 


2.3 

| 


Tota 1 

n*!2 | 


200 

i 


2400 


8.1 | 


2.0 

• 



These data on V-T envelope size constitute baseline data since the E-800 
has not been used previously in this way. The twelve Individual mean envelope 
sizes ranged from 5 to 12 dB. The overall mean of 8.1 dB as shown In Table 
1.2 (s approximately 2 dB smaller fhtn that reported In the original Jerger 
(I960) study of Bekesy audiometry, he reported that envelope size (tracing 
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wldth) for continuous and Interrupted auditory threshold tracings for normal 
and conductive Impairments by air-conducted pure tones on the E-800 audiometer 
(2.5 dB/second attenuation ret©) by Inspection average about 10 dB. There was, 
however, considerable variation about this mean value. Tracing widths as 
small as 3 dB and as large as 20 dB were not uncommon. In the present study, 
the V-T data revealed mean excursion widths to be slightly less In magnitude 
than those for auditory stimuli; the mean size of the former was found to be 
8 dB and that for f he latter, 10 dB. 

As In the case of V-T thresholds of deaf and hearing subjects, there 
was no a priori basis for expecting differences between the envelope sizes 
of these two groups. The null hypothesis was tested with the Mann-Whltney U 
Test (Siegel, 1956). The resulting probability of .588 required the acceptance 
of the hypothesis of no difference between the measured mean envelope sizes 
of the two grouos. 

E3. Placement and Pressure of V-T Transducer . It was of special Interest 
to learn whether or not the thumb and the pressure of 250 gms. were suitable 
for this test procedure* The relatively small variance associated with thres- 
hold and envelope size Indirectly supports the question of adeqUACy oftplacement 
and pressure. A more direct measure of this# however, was through a comparison 
of Inter trial thresholds and envelope sizes. The V-T transducer was removed 
and replaced following trials 30, 60, 90, 120, 150, and 180. To test the 
hypothesis of oo'dlfferenee among the blocks of 30 trials, a single threshold 
value and a single press-release combination value among each of the six 30- 
trlal blocks were randomly selected. Since each value was selected randomly 
from each block It was assumed that each was representative of Its block on 
each of the two variables studied. 

Six thresholds .or each of twelve subjects resulted In 72 threshold measures 
which were used In a Friedman Two-Way Analysis of Variance. The observed 
value was 10.21. In both cases the null hypothesis was accepted. These 
results suggested that placement and pressure of the V-T transducer were quite 
acceptable for the purpose Intended In the V-T conditioning portion of the 
test procedure under development In this project. 

F. Summary . 

The present experiment was undertaken to study the feasibility of utilizing 
a programmed vlbrotactlle st I mu I us -response procedure. In this experiment, 
an attempt was made to derive baseline data regarding envelope size when 
plotting vlbrotactlle thresholds with the Bekesy E-800 audiometer. Also of 
Importance was the development of a standard technique for satisfactorily 
controlling pressure and placement of the vlbrotactlle transducer. These data 
resulted from tracing thresholds on twelve subjects, each of whom was tested 
over 200 threshold trials. 

The findings of the 2400 threshold measures Indicated that the technique 
resulted In highly acceptable tracings. Further indicated was the finding 
that average excursion width for vlbrotactlle thresholds Is at least as small as. 
If not smaller than, that for auditory thresholds when Interrupted (pulsed) 
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tones are used. These data enabled the experimenters to pfoceed to 
Experiment II which was designed to test for cross-modality general Izatlon 
from a vlbrotactlle threshold tracing task to an auditory threshold tracing 
task without Intervening verbal or nonverbal Instructions. 
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EXPERIMENT NUMBER 1 1 



A. Purpose . 

Experiment II was the second step In the attempt to develop a nonverbal 
vlbrotactlle (V-T) Instructional procedure for administering an auditory test 
(Test I). The Instructional procedure to be used In this experiment Is 
labeled Instructional Technique A (IT-A). Experiment I was designed primarily 
to provide baseline data related to response to a vlbrotactlle stimulus. The 
prime purpose of Experiment II was to test for cross-modality generalization 
from a vlbrotactlle threshold tracing task to an auditory threshold tracing 
task without any Intervening Instructions. 

The dependent and Independent variables and their controls remained 
essentially the same as those In Experiment I. However , with the Introduction 
of an auditory stimulus, two new variables were Introduced. These two variables 
which could exert seme Influence on the dependent variable (the reliability 
with which the Ss could activate the response mechanism) were I) the method 
of Introducing the air-conducted auditory stimulus, and 2) the auditory stimulus 
Itself. 

These variables were controlled In the ol lowing manner: I) the Bekesy- 

type audiometer (Grason-Stadler model E-800) was equipped with TDH-39 earphones 
and MX-4I/AR cushions; 2) a 1000 cps Interrupted tone was used as the stimulus. 

B. Subjects . 

A total of ten adult Ss were selected for this experiment. All Ss were 
selected on the basts of reported noi*mal hearing and no prior knowledge of the 
experiment or the techniques Involved In the administration of automatic audio- 
metry. Nine of the Ss were female and one was a male. 

C. Instrumentation and Test Environment . 

The vlbrotactlle Instrumentation for .Experiment It remained the same as 
that described In Experiment I (a Radtoear B-70A bone conduction receiver with 
an E-800 Bekesy audiometer as signal source). The auditory threshold tracings 
obtained In Experiment II on each $, for the purpose of demonstrating cross- 
modality generalization from a vlbrotactlle threshold tracing task to an 
auditory threshold tracing task, were performed on the same Bekesy unit used 
to obtain vlbrotactlle tracings In Experiment I. However, a set of TDH-39 
earphones with MX-4I/AR cushions was substituted In place of the B -70A bone 
conduction receiver. Only one earphone was used for purposes of testing and 
calibration In order to eliminate effects of earphone differences. Before 
Initiating the experiment, the complete system of audiometry and test phone 
was. calibrated with the Bruet and KJaer 3320 analyzer. 

Attenuation rate of the auditory stimulus (2.5 dB/second) was the same 
as that used for presentation of the vlbrotactlle stimulus In both Experiments 
I and It. The standard Bekesy pulse tone with an Interruption rate of 2.5 Ips 
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and o rise-decay time of 23 milliseconds was utilized throughout the experiment. 

The test environment for presentation of both vlbrotactlle and auditory 
stimuli was a quiet, two-room suite. Preparations were made to Introduce 
masking during the vlbrotactlle threshold tracing task If the Ss complained 
that the sound of the transducer or other ambient noises Interfered with the 
tracing task. However, In only one Instance did a S report that there was 
some slight Interference. This report was made by subject number seven whose 
auditory thresholds at 1000 cps obtained In the environment described were 
-1.4 and -l.l dO re .0002 dynes/cm^ for mean auditory threshold criterion 
trials land 2 respectively. 

D. Test Procedures (Instructional Technique A) 

I* Procedure to Establish Conditioning to Tactile Stimulus. The follow- 
ing procedures were used to ©stab I Ish condmonl ng to the tactile stimulus. No 
explanation of the problem under study was given at the outset; 

a) after S was comfortably seated with arms on the arm-rests of the 
chair, the bone conduction transducer was placed on the thumb of the hand op- 
posite to that used In writing. The elastic tape was drawn around the trans- 
ducer, Its spring-plate modification, and the patient’s thumb with sufficient 
tightness to "Just barely depress" the spring completely; 

b) the examiner (E) held the response switch (RS) In his right hand In 
close proximity to the S’s thumb to which the transducer was attached; 

c) E then placed his left Index finger and thumb on the sides of the 
transducer; 

d) the stimulus (300 cps pulse tone with an Interruption rate of 2.3 Ips 
with a rise-decay time of 23 msec.) was then Initiated at a subthreshold level 
of 40 dB nominal SPL; 

e) as soon as the stimulus reached E’s vlbrotactlle threshold, E pushed 
the RS (making appropriate facial gestures to emphasize the procedure); 

f) E released his thumb from the RS as soon as the vlbrotactlle stimulus 
reached subthreshold (E again emphasized the procedure with appropriate facial 
gestures); 

g) E continued the above procedure until ten presses and ten releases 
of the RS had been demonstrated; 

h) at the termination of step g, testing for conditioning was carried 

out In the following manner: I) E placed the RS In S's hand opposite that 

to which the transducer was attached; 2) the E then returned the pen to a 
subthreshold level of approximately 40 dB nominal SPL, returned the chart table 
to the full*rlght position In preparation fc drawing a graphic representation, 
depressed the audiometer pen onto the graph paper, assumed an attentive pose 

by pointing first to the transducer and then to the RS, and turned the E-800 
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to the power-on position; 3) the S was allowed to trace his own vlbrotactlle 
threshold with E reinforcing correct responses on the part of the S by nodding 
approval and/or short applause or E remaining passive and non-committal when no 
response or an Improper response was made; 4a) this practice trial was allowed 
to continue through several presses and releases until S Indicated (by excursion 
size and evenness of threshold tracing) that he understood the task at hand 
before returning the pen to the original starting position of 40 dB nominal 
SPL or If the S failed to carry out the task, the above conditioning procedures 
were again carried out before allowing the S to attempt a second practice; 

4b) If excursion variation and mean Indicated that he had understood the vlbro- 
tactlle tracing task, the pen was returned to Its original starling position 
(40 dB nominal SPL) and without further Instruction a second E-una Ided series 
(Criterion Trial I) of ten presses and ten releases was allowed; 4c) without 
further Instructions, the pen was returned to the original starting position 
and S was allowed to continue with trial two (Criterion Trial 2) of ten thresh- 
old crossings; 4d) conditioning to the tactile stimulus and the management 
of the RS was satisfied If the means (thresholds) of the two E-unalded criterion 
trials were within 10 dB of one another; 4e) failure to meet criterion led: 
to a second nonverbal demonstration or the task as described above followed 
by a second attempt on the part of the patient to meet the criterion of two 
consecutive unaided trials the mean thresholds of which were within 10 dB of 
one another; 4f) a failure of 4e would have led to dismissal of the subject 
from the experiment; however, no failures were encountered In this sample. 

2. Procedures for Generalization to Auditory Stimuli . Following satis- 
factory completion of the vlbrctadTIe task, cross-modality generalization 
to an auditory stimulus was tested on each S. The procedures were as follows: 

a) the oscillator with Its spring-plate modification was removed from 
the S’s thumb after the tactile conditioning procedure had been completed, and 
the Bekesy unit recalibrated In preparation for a practice auditory threshold 
tracing task; 

b) the headset was placed on the head of the S with the test phone on 
the right ear; 

c) the presentation of stimulus: i) the Bekesy audiometer was set to 

present a fixed frequency of 1000 cps to the right ear of the reported norma I - 
hearing S and the Input selector switch was placed In the "ST I M. GAL.” position; 
2) the chart table was turned to full-right position In preparation for draw- 
ing a graphic representation of auditory threshold from left to right; 3) the 
Electronic Switch was placed In the "puise" position; 4) the 20 dB pad was 
switched to the "IN” (minus) position; 3) the pen was adjusted on the graph 
paper to approximately -13 dB SPL; 

d) the RS was placed In the hand of the S (same hand used for vlbro- 
tactlle conditioning procedure); 

e) the general I zat I on test i I) without Instructions, the audiometer 
was turned to the "Power On" position and the S was allowed to trace his 
threshold for ten practice threshold crossings without any gestures, etc.. 
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from the E; 2) without further Instructions the pen was returned to -13 dB 
SPL and the S allowed to trace his threshold for ten additional threshold cross- 
ings (Criterion Trial I); 3) without further Instructions, the pen was again 
returned to -13 dB SPL and the S was j I lowed to trace his threshold for ten 
additional threshold crossings (Criterion Trial 2); 

f) tho generalization criterion; I) the mean threshold of two successive 
ten-crossing trials must not differ by more than 9 dB; 2) fal lure to meet 
criterion; 2a) If criterion Is not satisfied In 10 consecutive trials, the 
procedures to establish conditioning to a vlbrotactlle stimulus outlined above 
would be repeated whereafter this procedure would be followed by repetition of 
the generalization task; 2b) If the S failed to meet criterion after this 
run, the S would be considered to have failed to generalize from vlbrotactlle 
to auditory stimuli. 

E. Results and Discussion . 

E I . Nonverbal Instructional Technique A (IT-A) . A criterion trial for 
the nonverbal Instructional technique in this experiment was defined as a 
sequence of ten consecutive V-T threshold trials. Criterion was met when the 
means of two successive criterion trials were within N) dB of one another. The 
possible minimum number of trials to criterion, therefore, was two. 

The efficacy of 'T-A with adult hearing subjects was demonstrated In the 
fast rate at which they learned the V-T task. Following the prescribed practice 
period only four subjects required more than the minimum two criterion trials; 
three satisfied criterion In four trials and one In three; the mean for the 
group was 2.7 trials. As illustrated In Table 2.1 threshold differences 
between criterion trials In all cases were less than 3 dB. The group mean 
difference (Ignoring direction of difference) between criterion trials was 
only 1.2 dB which was well within the allowable limit of 10 dB. The absolute 
difference between the total sample mean thresholds of the two trials (83.4 - 
82.7) was only .7 dB. These findings demonstrated the practicality of the 
nonverbal Instructions used as well as the definition of criterion. 

E2. Cross-Moda 1 1 ty Genera 1 1 zat I on . The primary purpose of this experi- 
ment was to determine whether or not the Ss, once having learned to trace their 
V-T threshold, could generalize to tracing their auditory threshold without 
intervening instruction. Table 2.2 summarizes the auditory data and Illustrates 
that all except one of the Ss satisfied criterion In two trials. A criterion 
trial was defined as a sequence of ten consecutive auditory threshold trials. 
Criterion differed slightly from that defined for the V-T stimulus In that 
the means of two successive auditory criterion trials had to be within 8 dB 
of one another. After having satisfied criterion to vlbrotactlle conditioning 
following nonverbal instructions, all Ss generalized to auditory slgntls. AH 
but one S satisfied criterion In two trials. Table 2.2 summarizes the data 
relative to generalization from the vlbrotactlle to the auditory threshold 
tracing performance. 

The validity of the generalized auditory threshold determinations Is 
manifested In the mean threshold of the total sample. As Indicated In Table 2.2, 
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the mean auditory threshold for the two trials at 1000 cps was +6.83 dB re 
.0002 dynes/cm2 and Is arithmetically equivalent to the new International zero 
(ISO, 1964) at 1000 cps which Is +6.5 re .0002 dynes/cm2 (Davis and Kranz, 
1964). Thus the results of the experiment demonstrated the validity of non- 
verbal Instructions (as used In this study) and the cross-modality generaliza- 
tion which was verified by the auditory thresholds traced by the experimental 
Ss. 



The differences between the criterion auditory thresholds ranged from 
.3 to 3.4 dB. The mean difference between criterion trial Thresholds (dis- 
regarding direction of difference) for the total sample was very small, 1.53 dB; 
the absolute difference between means of first and second criterion trials 
was even smaller, 0.2 dB. 

E3. Envelope Size . The mean V-T envelope size among the ten Ss In this 
exper I ment ut 1 1 1 z i ng I T-A ranged from 5.8 dB to 12.0 dB. The mean size for 
the total sample was 8.8 dB. The mean V-T envelope of Ss Instructed verbally 
in Experiment I was very similar, 8.1 dB. Apparently, verbal and nonverbal 
Instructions produce similar results. 

The mean auditory envelope size for the ten subjects In Experiment II was 
10.0 dB; the median was 10.0 dB; end the scores ranged from 5.8 to 14.2 dB. 

The performance of the present experimental group that generalized from the 
tactile to the auditory was similar to other research groups that were In- 
structed verbally. For example, Landes (1958) reported an approximate en- 
velope size of 8 dB in ten normal adults who were tracking a 1000 cps tone; 
Epstein (I960) utilizing a sweep frequency range found envelope sizes to 
vary from 5 to 17 dB; and Jerger (I960) found the average auditory envelope 
size to be on the order of 10 dB. It appears, therefore, that once the 
subject has an understanding of the task demanded of him, the Instructional 
method (l.e. verbal or nonverbal) of getting him to that point is not likely 
to contribute significantly to differences In test outcomes. 

F. Summary . 

The present experiment was designed to test for cross-modality generaliza- 
tion from a vlbrotactlle threshold tracing task to an auditory threshold 
tracing task without any intervening verbal or nonverbal Instructions. In 
this experiment an attempt was made to derive empirical data regarding both 
vlbrotactlle and auditory envelope sizes and thresholds wlvh the Bekesy E-800 
audiometer. Criteria for success were two consecutive mean vlbrotactlle 
thresholds which did not differ by more than 10 dB and two ccisecutlve mean 
auditory thresholds which did not differ by more than 8 dB. V 9 n normal hear- 
ing adult Ss were used in this experiment. 

The results demonstrated the validity of nonverbal Instructions (IT-A) and 
the cross-modality generalization which was verified by the auditory thresholds 
traced by the experimental Ss. These data enabled us to proceed to Experiment 
II I which was designed to test the validity of these procedures In clinical 
subjects with auditory deficits. 



A. Purpose. 
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This experiment was an extension of Experiment II which contributed new 
Information toward the development of a nonverbal test of hearing which Includes 
the utilization of a nonverbal set of Instructions. In Experiment II normal- 
hearing adult Ss were used to test for cross-modality generalization from a 
conditioned vtbrotacttie threshold tracing task to an auditory threshold trac- 
ing task without Intervening Instruction. Experiment III was concerned with 
the same problem except that deaf adults served as Ss. Auditory thresholds 
derived by conventional audiometry were used as controls for comparison with 
thresholds obtained by automatic audiometry; In Experiment II the control thresh- 
old was the new ISO standard, the latter was appropriate In Experiment II since 
the Ss used had normal hearing. 

The dependent and Independent variables and their controls for the cross- 
modality generalization task remained the same as In Experiment II. However, 
the technique of presenting the tonal stimulus In I dB Increments for the stan- 
dard audlometrlc threshold determination task In order that an accurate compari- 
son could be made between standard and automatic audiometry Involved addi- 
tional variables. These variables were: I) method of Introducing the auditory 

air-conducted stimulus; 2) method of Instrument calibration to allow for accurate 
comparison; 3) the step of the procedures In which the standard audlometrlc task 
should be Inserted; 4) method of subject Instruction; 5) technique employed for 
determination of S*s thresholds. 

These variables were controlled In the fol lowing manner: I) the Bekesy 

E-800 audiometer was modified to allow performance of threshold testing by both 
automatic and standard audlometrlc techniques by Insertion of a Hewlett-Packard 
350B I dB Increment attenuator (see description under section on Instrumenta- 
tion); 2) a single routine calibration of the E-800 audiometer was carried out 
before performance of the automatic audlometrlc threshold tracing procedure and 
the audiometer was not recalibrated before performance of the threshold deter- 
mination task performed by standard audlometrlc procedures which followed Im- 
mediately; 3) the standard audlometrlc procedures were completed after perform- 
ance of the automatic audlometrlc threshold tracing task to prevent Introduc- 
tion of any variables which might contaminate the validity of the cross-modality 
generalization from a vlbrotactlle threshold tracing task to an auditory thresh- 
old tracing task; 4) a prepared set of Instructions was given to each S using 
a combination of speech and manual coding before performance of the standard 
audlometrlc threshold determination task (see section of procedures); 5) the 
modified Hughson-Westlake standard audlometrlc technique (Carhart and Jerger, 

1939) was used to establish the S's auditory threshold. 

B. Subjects . 

A total of ten young deaf adult Ss were selected from the Gallaudet College 
student population to participate In this experiment. None had previous experi- 
ence with automatic audiometry. Audlometrlc data gathered within eight weeks 
preceding this study were used In S selection. Each of the deaf subjects met 
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the criterion of having greater than an 80 dB ISO Hearing Level at 1000 cps In 
the better ear. The ages of these students ranged from 17 and 21 years. 

C. Instrumentation and Test Environment . 

The vlbrotactlle Instrumentation (a Radtoear B-70A bone conduction receiver 
with an E-800 Bekesy audiometer as signal source) and that used for Introduction 
of the 1000 cps tonal stimulus for the cross-modal Ity generalization task (TDH- 
39 earphones and MX-4I/AR cushions with E-800 audiometer signal source) remained 
the same as that used In Experiment II. However, the same E-800 Bekesy audio- 
meter was modified during this experiment to permit Its use for the dual purpose 
of determining auditory thresholds by both automatic and standard techniques. 

The modification was accomplished by Insertion of a Hewlett-Packard 350B, 5 watt, 
600 ohm, I dB Increment attenuator between the output of the oscillator and the 
standard attenuator set. An electronic voltmeter (Hewlett-Packard 4000) was 
used to check the output of the E-800 for a 1000 cps tone with and without the 
attenuator modification and was found to be linear In both cases. 

The test environment remained the same as that used In Experiment II (a 

quiet two-room suite). Attenuation rate for all automatic audlometrtc proce- 
dures remained the same as that used In the first two experiments (2.5 dB per 
second). The standard Bekesy pulse tone with an Interruption rate of 2.5 Ips 
with a rise-decay time of 25 msec . was again employed. 

D. Test Procedures . 

1. Procedures to Establish Conditioning to Tactile Stimulus. This proce- 
dure remained fhe same as that used In Experiment II (IT-A). 

2. Procedures for Generalization to Auditory Stimuli . This procedure 
also remained the same as iha+ utl It zed In Experiment II. 

3. Derivation of Comparative Auditory Thresholds Utilizing Standard 
Techniques' ! Immediately following the v I brotact 1 1 e and generalization tasks, 
each subject's auditory threshold was determined by standard audlometrtc proce- 
dures. This was done In order to allow comparison of thresholds derived by the 
two methods. Standard audiometry (method of limits) was conducted as follows! 

a) each deaf S was given the following Instructions using a combination 
of signs and verbal Instructions, "You will again be hearing some tones In your 
right ear. Each time you hear a tone, you are to raise your hand and keep It 
raised until the tone goes away. As soon as the tone goes away, you are to put 
your hand down. The length of the tones will vary, so be sure to keep your 
hand up as long as you hear the tone. Many of the tones wt 1 1 sound very soft, 
and you may not be sure you are hearing them. However, please raise your hand 
even If you just think you hear one. Are there any questions?"; 

b) the E-800 was not recalibrated before performing this procedure so 
that any slight changes In calibration occurring during the performance of the 
automatic audlcmetrtc procedures outlined above would also be present during 
the performance of the present procedure. It was felt that this would eliminate 
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any variable which might be Introduced by recal Ibratlon and would give more 
accurate Indication of the differences between thresholds obtained by the two 
methods ; 

c) the S was then seated with his back to the examiner (E) and the E-600 
headset was placed In position with the tone receiver on his right ear; 

d) Preliminary Audiometer Adjustments; 1) because of the severity of each 
S’s hearing loss at 1000 cps, it was decided to preset the E-800 pen on the chart 
table to 112 dB SPL before beginning the test; 2) the Attenuator Set (Hewlett- 
Packard 350B) was preset for 0 dB attenuation In preparation for delivery of the 
initial +one (112 dB SPL); 3) the ’’Electronic Switch" on ■‘tie E-800 was placed 

In the "Alternate On" position; 

e) Test Procedures; 1) the tone was presented to the S by switching the 
Electronic Switch from the "Alternate On" position to the "Stimulus On" posi- 
tion; 2) attenuation of the stimulus was accomplished by manipulating the Atten- 
uator Set modification; 3) the Modified Hughson-Westlake technique (Carhart and 
Jerger, 1959) was used to establish the S’s auditory threshold. 

E. Results and Discussion . 

El. Nonverbal Instructional Technlque-A (IT-A) . As in the case of 4 he 
previous experiment, a criterion trial for the nonverbal instructional technique 
used in this experiment was defined as a sequence of ten consecutive V-T thresh- 
old trials. Criterion was met when the means of two successive criterion trials 
were within 10 dB of one another. The possible minimum number of trials to 
criterion, therefore, was two. 

The V-T conditioning performance of ten deaf adult Ss used in this experi- 
ment is summarized in Table 3.1. It is apparent that the Ss learned the V-T 
task very quickly; only one S required more than the minimum number of two 
trials to criterion. The mean number of trials for the total group was 2.1. 

As shown in Table 3.1 threshold differences between criterion trials (ignoring 
the direction of +he difference) in all Ss ranged from 0.0 dB to 2.5; the mean 
difference for the total group was only 0.97 dB; the median difference score 
was 0.90 dB. The group absolute threshold mean for trial one was 75.3 dB, that 
for trial two was 74.5. This small difference of .8 dB was well below the 10 dB 
allowable in individual Ss. In all cases the threshold difference between trials 
did qot exceed 2.5 dB. 

The apparent ease in the learning of the V-T task demonstr ;ted in this 
group was similar to the performance of the non-deaf adult Ss used in the pre- 
ceding experiment; all except one S satisfied criterion in two trials. The 
magnitude of the difference between criterion trials in the case of the indi- 
vidual subjects was smaller than 3 dB in both samples used in Experiments II 
and III. These findings indicated the practicality of the V-T conditioning 
procedure and highly consistent threshold tracing performance on the part of both 
deaf and hearing adult Ss. 

E2. Cross-Moda I i tv General I zat I on . The primary purpose of this experiment 
was to find out whether or Not deaf adult Ss would perform ir> a manner si mi lar 
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to the successful generalization to auditory stimuli characteristic of the non- 
deaf sample In Experiment II. Criterion for generalization was the ability to 
trace two consecutive auditory thresholds the means of which did not differ by 
more than 8 dB. This was to have been done following the successful completion 
of the V-T threshold and without further Instructions. As shown In Table 3,2 
all subjects In this experiment met the generalization criterion In two trials; 
none required more than the absolute minimum tr*Hs. 

Comparison of thresholds of trials one and two revealed Individual differ- 
ences ranging from 0.1 to 1.9 dB; the mean difference (disregarding direction 
of difference) was only 0.67 dB; the median was 0.55 dB. The observed abso- 
lute difference between group mean thresholds was less than 1 dB (90.3-90.5); 
actually only 0.2 dB. These summarized data In Tables 3.1 and 3.2 are quite 
similar to those of adult hearing Ss and suggest that adults, whether hearing 
or d&af, learn with relative ease the V-T conditioning task and generalize to 
an auditory stimulus In a minimum number of trials. 

The matter of cross-modality generalization seems quite clear from these 
two experiments In which this hypothesis was tested. The question of whether 
or not absolute auditory thresholds are traced was partially answered In the 
case of the non-deaf adults. The control threshold value was the new Interna- 
tional (ISO) standard. For 1000 cps the control value was +6.5 dB re .0002 
dynes/cm2 (Davis and Kranz, 1964). The observed experimental threshold mean 
was +6.8 dB re .0002 dynes/crrr, a difference of only 0.3 dB. Neither the number 
of Ss used In the derivation of +he ISO reference level nor the variance were 
reported which precluded a statistical comparison of the two measures. How- 
ever, from the clinical point of view a difference of less than 1 dB between 
measures of absolute threshold Is of no known consequence. 

The question of whether or not absolute threshold was being traced by the 
deaf Ss In Experiment III was approached by comparing automatic aud I ometrlc 
(experimental method) thresholds with standard audlometrlc thresholds (control 
method). In order to accept the a» ‘omatlc audlometrlc threshold as an accept- 
able approximation of absolute threshold It was required that the experimental 
method produce a threshold equal to or better than the control method. 

Table 3.3 summarizes the performance of each S on the two threshold measures. 
The mean of 90.4 dB observed In automatic audiometry was 2.8 dB more sensitive 
than the 93.2 dB observed mean derived from standard audiometry. Thus we con- 
clude that the Ss In this experiment were In fact generalizing from a V-T stimu- 
lus to an auditory stimulus and at the same time were tracing their absolute 
thresholds. These findings tend to support tha statement by Harris (1964) In 
which he said that "It seems safe to conclude with Hlnchcllffe that audiometry 
by the Bekesy technique Is comparable In every way to conventional audiometry 
In young,, intelligent, normal and near-normal populations.” 

E3. En velope Size. Vlbrotactlle measures were Included In each of the 
first three experiments. The mean, median and range of the V*T envelopes are 
summarized In Table 3.4. Adult Ss appear to be averaging approximately 8 dB 
In the excursion width of their V-T threshold trials. Individuals have had 
averages ranging fron as small as 4.4 dB to as large as 12‘dB In width. 
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Tab lo 3.4. Vlbrotoctlle Envelop® Size Deto 
(expressed In d6) 



Measure 


Experiment 


Experiment 


Experiment 


Mean 


8.1 


8.8 


8.1 


Median 


8.0 


8.8 


8,5 


Range 


4,4-10.5 


5.8-12.0 

1 r - - -- 


5.6-10.4 



Auditory measures were Included In the present end preceding experiment. 

The envelope character I sties of these two samples are summarized In Table 3.5. 

It appears that the average excursion width of the adults tracing thresholds Is 
on the order of 10 dB with scores ranging from as small as 3.8 dB to as large as 
14.2 <J0. These auditory envelope size results are consistent with previous 



Table 3.5. Auditory Envelope Size Oata 
(expressed In dB) 



Measure i 

i 


Experiment 1 1 

! 


Experiment III 


Mean 


10.0 


10.3 


Median 


10.0 


10.8 


Range 


5.8-14.2 

i . _ f . 


7,6-12.0 



• • «*- 

# . 4 ♦ % * * • , 

research utilizing adult Ss. This suggests that the nonverbal Instructional 
procedure (IT-A) being developed In these experiments Is proving to be an effec- 
tive common I cation mean® for eliciting auditory thresholds In a manner character- 
istic of adult Ss Instructed verbally. 

F. Summary. 



The present experiment was designed to t^st the validity of the cross- 
modality generalization technique used In Experiment II for eliciting auditory 
thresholds !n young deaf adults. 
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Immedlate learning of IT-A wa* evidenced In *he group mean of only 2.1 
criterion trials; Just one $ required an additional trial beyond the absolute 
minimum number of trlal9 necessary to satisfy criterion* The effectiveness 
of IT-A as a method of communicating the task was apparent In the readiness 
with which the Ss met criterion In the auditory measurements. All Ss met crite- 
rion In their first two auditory trials. 

The control measure In hearing was the threshold determined by standard 
audiometry while the experimental variable was the Bekesy threshold measure. 

The validity of the nonverbal Instructional technique was further substantiated 
when .lie experimental threshold obtained was equally sensitive to the control 
threshold measure; the observed mean Bekesy auditory threshold was more sensi- 
tive then the standard by 2.8 dB. 

Additional envelope size data were accumulated In the present experiment. 
This Information added to that gained !si the first two experiments, v-T data 
suggest that In adults the excursion size Is likely to be on the order of 8 dB 
in magnitude with means of Individuals ranging from 4.4 to 12 dB. Auditory 
envelope size has been found to average 10 dB with Individual maan excursion 
sizes ranging from 5.0 dB to 14.2 dB. There are no prior data with which to 
compare the V-T data. Previous auditory research utilizing the Bekesy procedure 
resulted In similar findings as reported here. 
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EXPERIM P NT IV 



A. Purpose . 

Experiment III was designed to test the validity of the cross-modality 
generalization technique used for eliciting auditory thresholds In young adult 
Ss. The effectiveness of IT-A as a method of communicating the task was 
apparent In the readiness with which the Ss met criterion In the auditory 
measurements. 

Experiment IV attempted to determine whether the same task could be 
accomplished In a younger population with the same procedures. The Ss were 
selected from lower secondary school level deaf children (CA eleven and twelve 
years) attending the Maryland School for the Oeaf. 

The dependent and Independent variables, their controls for the cross- 
modality generalization task, and the standard audloinetrlc threshold deriva- 
tion task remained essentially the same as In Experiment III. The only 
modification was the Introduction of two additional frequencies, 500 cps and 
4000 cps. In cases where hearing loss at 4000 cps exceeded the maximum safe 
limit In sound pressure, the highest residual octave or half-octave Interval 
between 1000 and 4000 cps was substituted. 

B. Subjects . 

Twenty deaf students were Included In this experiment. These were 
selected on the basis of chronological age (CA) and amount of residual hear- 
ing. The twenty Ss were divided Into two groups of ten each according to CA. 

The CA of the first group was twelve years C i I yrs. - 6 mos. to 12 yrs. - 5 mo*.) 
and that for the second group, eleven years (10 yrs. - 6 mos. to II yrs. 5 mos.). 
The second criterion for selection of Ss was amount of residual hearing. It 
was essential that each S have some hearing at 500 and 1000 cps and at least 
one frequency above 1000 cps, preferably 4000 cps. 

C. Instrumentation and Test Environment . 

The vlbrotactlle Instrumentation (a Radloear B-70A bone conduction trans- 
ducer with the Grason-Stadler E-80Q audiometer as signal source) and that used 
for Introduction of the auditory stimuli In the cross-mode 1 1 ty and standard 
audlometrlc comparison tasks (TDH-39 earphones and MX-4I/AR cushions with 
E-800 audiometer signal source) remained the same as that used In Experiment 
III. 



The test environment was a sound-treated one room set-yp< The S was 
seated directly next to the audiometer to allow the expert writer (E) to operate 
the audiometer and also nonverbally Instruct the S In the vlbrotactlle thres- 
hold tracing task. A screen was placed between the S and the audiometer to 
prevent the S from being distracted. The attenuation rate (2.5 dB/rec), the 
standard pulsed tone (Interruption rate of 2.5 lps) # and rise-decay time 
(25 msec.) were again employed In the automatic audlometrlc procedures and 
thereby remained the same as those used In the first three experiments. 
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D. Test Procedures ( IT- A) • 

1. Procedure to Establish Conditioning to Tactile Stimulus * The follow- 
ing procedures were used to establish conditioning to the tactile stimulus. 

No explanation of the problem under study was give*? at the outset: 

la) after S was comfortably seated with arms on the arm-rests of the 
chair, the bone conduction transducer was placed on the thumb of the hand 
opposite to that used In writing, and the elastic tape was drawn around the 
transducer. Its spring-plate modification, and the patient’s thumb with suf- 
ficient tightness to ”Just barely depress” the spring completely; 

lb) the E held the response switch (RS) In his right hand In close prox- 
imity to the S*s thumb to which the transducer was attached; 

1c.) E then placed h!» left Index finger and thumb on the sides of the 
transducer; 

l d) without depressing the pen on the graph paper the stimulus (500 cpr • 
pulsed tone with an Interruption rate of 2.5 Ips with a rise-decay time of 

25 msec.) was then Initiated at an arbitrary subthreshold level; 

le) as soon as the stimulus reached E’s vlbrotactlle threshold, E pushed 
the °S (making appropriate facial gestures to emphasize the procedure); 

l f) E released his thumb from the RS as soon as the vlbrotactlle stimulus 
reached subthreshold (E again emphasized the procedure with appropriate facial 
gestures); 

lg) E continued the above procedure until five presses and five releases 
of the RS had been demonstrated; 

lh) without Interrupting the vlbrotactlle stimulus, E then placed the RS 
in the hand of the S opposite to that to which the vlbrotactlle transducer was 
attached; 

II) E then placed his right hand over that of S and helped S to trace 
his own approximate vlbrotactlle threshold by depressing S’s thumb on the RS 
each time the vlbrotactlle stimulus reached threshold level end releasing It 
each time the stimulus reached subthreshold (During this procedure E again 
emphasized the procedure with appropriate facial gestures,); 

lj) E continued Step 11 until 10 presses and 10 releases of the RS had 
been demonstrated; 

l k) at the termination of Step II, testing for conditioning was carried 

out In the following manner: 1) E removed his hand from that of the S contain- 

ing the RS; 2) F. then returned the pen to an arbitrary subthreshold level, 
returned the chart table to tne full-right position, engaged the audiometer 

pen and allowed S to trace his vlbrotactlle threshold for ten consecutive thresh- 
old trials or for as many consecutive sequences of ten threshold trials as were 
necessary until the mean thresholds did not differ by more than 10 dB; 3) after 
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each sequence of ten presses and ten releases (without Interruption of the stim- 
ulus), E returned the pen to an arbitrary subthreshold level and allowed S to 
continue tracing his own vlbrotactlle threshold with E remaining passive and non- 
committal when no response or an Improper response was made; 

ID criterion was satisfied If by observation the mean thresholds of the 
final two ten threshold sequences o* the trials to criterion appeared to be 
within 10 dB of each other and excursion size and evenness of threshold tracing 
Indicated that S understood the task at hand after which preparations were made 
to test for cross-modal Ity generalization to an auditory stimulus with only a 
short Interruption for preparation; 

lm) If S appeared to have failed to satisfy criterion, a ten minute break 
was allowed before repeating exactly the above conditioning procedures except 
for the elimination of Step 1g; 

l n) those Ss who appeared to have satisfied criterion after this second 
conditioning attempt were prepared to continue with the cross-modality general- 
ization task with only a short Interruption for preparation; 

lo) those who still failed to satisfy criterion were allowed another ten 
minute break; then those Ss were given a chance to attempt the cross-model I ty 
generalization task to an auditory stimulus In exactly the same manner as those 
who did satisfy criterion (refer to "Procedures for Generalization to Auditory 
Stimuli" below for procedures); 

l p) If the S failed the cross-modality generalization task, he was then 
eliminated from the experiment; however. If he passed the generalization task, 
his auditory threshold at 1000 cps was obtained by standard audiometric tech- 
niques (refer to Step 3, "Derivation of Comparative Auditory Techniques" for 
procedures); the S was then allowed another attempt to satisfy the vlbrotactlle 
conditioning criterion using the same procedures listed above; however. Step 1g 
was again eliminated from the procedures; If this attempt to establish vibro- 
tactl le conditioning failed, the S was then classified as a failure. 

2. Procedures for Generalization tc Auditory Stimul i. Fol low! ng satis- 
factory completion of the vlbrotactlle task, cross-modality generalization to 
an auditory stimulus was tested on each S. The procedures were as follows: 

2a) the oscillator with Its spring-plate modification was removed from the 
S*s thumb after the tactile conditioning procedure had been completed, and the 
Bekesy unit recalibrated in preparation for the auditory threshold tracing task; 

2b) the t©st earphone was placed on the better ear of the S; 

2c) the stimulus presentation: 1) the Bekesy audiometer was set to present 

a fixed frequency of 1000 cps to the better ear of the S; the Input selector 
svfltch was placed In the "STIM. CAL." position; 2) the chart table was turned 
to full-right position In preparation for drawing a graphic representation of 
auditory threshold from left to right; 3) the Electronic Switch was placed In the 



’'pulse" position; 4) the 20 dB pad was switched to the plus position; 5) the 
pen was adjusted on the graph paper to an arbitrary subthreshold level; 

2d) the R$ was placed In the hand of the S (same hand used for vlbro- 
tactlle conditioning procedure); 

2e) the generalization test: 1) without 1 instructions, the audiometer 

was turned to the "Power On” position and the S was allowed to trace his audi- 
tory threshold unfit two successive ton-crossing trials did not differ by more 
.han 8 dB; this procedure was carried out without any gestures, etc., from the 
E; 2) after each trial of ten presses and ten releases (without Interruption of 
the stimulus), E. returned the pen to an arbitrary subthreshoid level and allowed 
S »+o continue tracing his auditory threshold; 

2f) without Interruption except for preparation, the same procedure was 
used to test the fixed frequencies of 500 and 4000 cps; the highest residual 
octave or half-octave Interval between 1000 and 4000 cps was substituted In 
cases where the hearing at 4000 cps was Immeasurable; two trials of ten presses 
and ten releases were made for each of these test frequencies; In all cases 
the attempt to assess threshold at 1000 cps was carried out first; however, 
th© sequence for the other two frequencies was alternated for consecutive Ss; 

2g) the generalization criterion: 1) the mean threshold of two successive 
ten-crossing trials for each frequency must not differ by more than 8 dB; 2) 
failure to meet criterion: 2a) If criterion was not satisfied In ten consecutive 

trials at 1000 cps, the procedure to establish conditioning to a vlbrotactl le 
stimulus outlined above with the exception of Step 1g was repeated followed 
by a second attempt at satisfying the cross-modality generalization task; 2b) 

If criterion was satisfied during the second attempt at the cross-modal Ity 
generalization task (two consecutive sequences of ten presses and ten releases 
at 1000 cps whose mean thresholds were within 8 dB) the S was allowed to con- 
tinue to trace his auditory thresholds at 500 and 4000 cps or that highest 
residual octave or half-octave interval befween 1000 and 4000 cps; 2c) the S 
was considered to have failed the task and was classified as a failure for 
statistical purposes If during the second attempt to trace his auditory thresh- 
olds there was one frequency the mean thresholds of which were not within 8 dB 
for two consecutive trials. 

3. Derivation of Comparative Auditory Thresholds Utilizing Standard 
Techniques . Immediately following the vlbrotactl le and generalization tasks, 
each S*s auditory threshold was determined by standard audiometric procedures. 
This was done In order to al ,rt w comparison of thresholds derived by the two 
methods. Standard audlometi (method of limits) was conducted as follows: 

3a) each S was given Instructions using a combination of signs and verbal 
Instructions; the $s were instructed to raise their hands each time they heard 
a sound no matter how soft or loud It seemed; 
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3b) the E-800 Mas not recalibrated before performing this procedure so 
that any slight changes In calibration occurring during the performance of the 
automatic audiometric procedures outlined above would also be present during 
the performance of the present procedure; It was felt that this would elimin- 
ate any variable which might be Introduced by recalibration and would give a 
more accurate Indication of the differences between thresholds obtained by the 
two methods; 

3c) the S was seated in a posiMon which precluded his observation of 
any E movements but which allowed ease of observation of the S by the E; the 
E-800 headset was placed In position with the tone receiver on the same ear 
as that tested by the method of adjustment previously; 

3d) preliminary audiometer adjustments: 1) because of the severity of 
each S f s hearing loss at 1000 cps, it was decided to preset the E-800 pen on 
the chart table to a level sup rath res ho Id to that threshold derived by the 
method of adjustment before beginning the test; 2) the Attenuator Set (Hewlett- 
Packard 350B) was preset for 0 dB attenuation in preparation for delivery of 
the Initial tone (a level supra threshold to that threshold derived by the method 
of adjustment before beginning the test); 3) the "Electronic Switch” on the 
E-800 was placed In the "Alternate On" position; 

3e) test procedures: 1) the tone was presented to the S by switching the 

Electronic Switch from the "Alternate On" position to the "Stimulus On" posi- 
tion; 2) attenuation of the stimulus was accomplished by manipulating the Atten- 
uator Set modification; 3) the Modified Hughson-Westlake technique (Carhart and 
Jerger, 1959) was used to establish the S*s auditory threshold, 

E . Results and Discussion . 

El. Nonverbal Instructional Technique . A criterion trial for the non- 
verbal IT-A was defined as a sequence of ten consecutive V-T threshold trials. 
Criterion was met when the means of two successive criterion trials were within 
10 dB of one another. The possible minimum number of trials to criterion, there- 
fore, was two. 



a* Twelve, Year Old Group. The V-T conditioning performance or the 
ten twelve-year-olds Included In this experiment Is summarized In Table 4.1. 

It Is apparent that five of the ten subjects satisfied criterion In the minimum 
number of trials; two $s required one more than the minimum; two Ss required 
two more than the minimum and one S required five more trials than the minimum. 
The mean number of trials to criterion was 3.1. As shown In Table 4.1 threshold 
differences between criterion trials (Ignoring the direction of the difference) 
ranged from 0.2 dB to 2.7 dB; the mean difference (Ignoring direction of dif- 
ference) was only 1.2 dB; the median difference was 1.2 dB. The total sample 
absolute threshold for criterion trial one was 84.0 dB and 84.6 dB for trial 
two. This small difference of 0.6 dB suggests that with an average of 3.1 
trials the performance of this group achieved stability equal to adult per- 
formance. 

The vibrotactl le performance of the deaf twelve year old group was compared 
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Table 4.1. Vibrotactlle Oata 
of Twelve-Year-Olds. 

(dB expressed In nominal SPL) 
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with that of tha v«»n? adult daaf S* In Exparlaant III. Tha Itenn-Whltrvay 

tt Taat. wa» waad W tast tha probabl I Itv’ that thaaa'two Indapyidant . • " • 

groups wara drawn trow tha sama population. Tha thrashold, trials to «•; .arlon, 

and tha dlffaranca batwaan crltarlon trials ward ccmparad. Tabla 4.2 summarlzas 

. ... “ . . , . 4 . . 
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Table 4.2. Comparison of 
Adult Deaf (Exp. Ill) and Twelve Year-Old 
Deaf Subjects on V I brotact lie Performance 



Performance Variable 


Obtained 
U Value 


Requ Ired U 
at . 05 level 


t 


Threshold 


15 


23 


$lg<.02 


Trials to Criterion 


28.5 


23 


NS 


Difference Between 
! Criterion Trials 1 


CM 

O 


NS 



these results. The two groups did not differ significantly In the number of 
trials to criterion which suggests that children at least this young can learn 
the IT-A In as efficient a manner as young adults. The dB difference between 
criterion trials did not differ between the groups which Indicates that once 
learned , the V-T performance becomes consistent. The hypothesis of no difference 
between absolute thresholds of the two samples was rejected at the .02 level 
of statistical significance. The difference between the group means was , 
(children 84.3; adults 74.8) 9.5 dB. Although It Is Interesting to find this 
difference In thresholds, the consequence Is negligible since the V-T con- 
ditioning procedure Is simply a means to an end which In this study Is tracing 
auditory thresholds. 



b. Eleven Year Old Group. The vibrotactlle performance of the 
eleven year old children Is summarized In Table 4.3. The mean number of trials 
to criterion for this group was 4.9 as compared with the 2.1 for the; adults 
and 3.1 for the twelve year old children. The absolute threshold for this 
deaf group was 79.9 dB, 4.4 dB more sensitive than the 12 year olds and 5.1 dB 
less sensitive than young deaf adults. The difference between criterion thres- 
holds averaged 0.9 dB In the adult group as compared to 1.3 dB for the eleven 
year olds. 

The eleven year 4 Ids differed significantly from the deaf adults In 
Experiment III In number of trials to criterion and In absolute threshold. 

Their performance was similar on the between criterion dB difference. These 
results are summarized In Table 4.4. 
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. Table 4.4# Comparison of Adult Oaaf (Exp, III) 
and Eleven-Year-Old Oaaf Subjects on 
Vlbrotactlla Parformance 



Performance Variable 


Obtained 
U Value 


Required U 
at .05 level 




Threshold 


14.5 


«■ 

23 


Slg <.05 


Trials to Criterion 


7 


23 


$!g<.05 


Difference between 
Criterion Trials 


45.5 


; ' 23 


NS 



These findings Illustrated In Table 4,4 Indicate that the eleven year olds 
required a greater number of trials to learn the V-T tracing task. The 
threshold sensitivity of the eleven year old sample, although some 4 dB more 
sensitive than the twelve year olds, were 5.1 dB less sensitive than the 
adults. The statistical comparison of these data resulted In the rejection 
of the hypothesis of no difference between adults and eleven year-olds on 
threshold sensitivity and trials to criterion. Once having learned the task 
however, the eleven year olds appear to be performing in as stable a manner 
as the adults. This was confirmed by the acceptance of the Ho In the test 
related to difference between criterion trials. 

E2. Cross Modality Generalization . The primary purpose of this experiment 
was to learn whether or not l2 and tl year-old deaf children would perform In 
a manner similar to young adults. The young deaf adults successfully general- 
ized from V-T threshold tracing task to the auditory threshold task. 

a. Twelve Year Old Children. Criterion for successful generaliza- 
tion was the ability to trace two consecutive auditory thresholds the means 
of which did not differ by more than 8 dB. This was to have been accomplished 
following the V-T conditioning procedure but without further Instruction, As 
shown In Table 4.5 the mean trials to criterion was 2.5; absolute threshold 
mean for the 1000 cps tone was 101.2 dB; and the mean difference between 
criterion thresholds was 1.3 dB. The performance of the twelve-year-olds on 
these factors -.was compared with the young deaf adult Ss In Experiment 111. 
Table 4.6 Illustrates the outcomes of the statistical tests applied to these 
three variables. These results Indicate that the twelve-year-old deaf Ss 
were able to generalize to the auditory threshold tracing task and perform 
as effectively as the young adult deaf Ss utilized In Experiment ill. It 1$ 
apparent that the V-T experience not only made It possible for the children 
to generalize to the auditory stimulus but also benefited them In terms of 
required number of trials to meet criterion. They improved from a mean of 
3.1 on the V-T learning to a mean of 2,5 on the auditory. The absolute 
thresholds obtained from Bekesy audiometry and standard procedures In adults 
were In all cases but one, more sensitive In the Bekesy procedure with a group 
mean difference of 2.8 dB. In the case of the twelve year old children, how- 
ever, In all cases the standard threshold was more sensitive than the Bekesy; 
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Tabic 4*6, Comparison of Adult Deef <Exp. IIJ) 
and Twelve-Year*Old Deaf Ss on 
Auditory Part ormence 



Performance Variable 


Obtained 
U Value 


Required U 
at .05 level 


t 

v' 


Threshold blfference 
Bekesy vs. Standard t 


0.5 


23 


Slg <.05 


Trials to Criterion 


30 


23 


NS 


blfference between 
} Criterion Trials 


i 

27 I 23 


NS 



the group difference between means was 4.8 dB. 
the hypothesis of no difference was rejected. 



As Illustrated In Table 4.6 



As we shall see In the case of eleven year olds, 70Jl had more sensitive 
thresholds by standard and 30{t more sensitive In the Bekesy procedure; the 
difference between means for the eleven year old group was only 2.3 dB with 
the standard procedure producing the more sensitive threshold. This trend 
toward more sensitive mean thresholds by standard, beginning with the twelve 
year old children, maintained Itself In Experiment V which Included each age 
group In annual Increments down through six. The magnitude of the difference 
ranged from 4.8 dB In the case of 12 year-olds to 1.3 dB In the case of six 
year olds; the mean difference for the seven different yearly groups was 
2.7 dB; the median difference was 2.4 dB. 

b. Eleven Year Old Children . Criterion for successful generalization 
remained the same for this group as In the case of the adults and twelve year 
old Ss. Table 4.7 summarizes the generalization data from V-T to auditory. 

The mean number of trials to criterion was 2.7 for the present group as con- 
trasted with 2.0 for adults and 2.5 for the twelve year olds. As shown In 
Table 4.8 this difference number of required trials between the eleven year 
olds and adults was not statistically significant. In meeting criterion the 
two groups performed eauatly well. This was confirmed by the acceptance of 
the null hypothesis, the results of which are found In Table 4 . 8 . The hypo- 
thesis of no difference between the groups In absolute threshold results 
with the two methods was rejected. The difference score for each subject was 
used In the computation of the Mann-Whitney U Test which Is reported In 
Tab le 4 . 8 . - 

It Is Important to observe that both the twelve and eleven year old 
children generalized from the V-T instructional technique to the auditory 
tracing task. Neither group of children differed from the adult deaf Ss 
In number of trials required to make the transition. 



... ;.V " 



■' -V..,v 









\\£C A 



*'l^ 



W. ‘M -* 

-;:.* ->r s 



/,'_ /',-»' .„*•••«.' in' 1 ] •■*’." * A ' "‘ ,M *” <> V 



•'■**'*?. * ** ** 



_ "~ r " : t* '''* ■ •* v'^v* •’ 4| >• - ->v i ‘.v 

'^v %; : i* ..T- JaU ; ' Ift ' 

: H ■ ' 






. -y*: ■>£ ■ 

: J&j£- 




*.r r : -v/' ' %- : 

: ' :< t4y 

! iV .= '? • * f ' ', | ’•!:;■. '• .»£ • '• I -’ *‘ ,*■•", * j • 

,, 1 r • .; At ii.-v - 4$» "• • J* . •: L,.;i. :„..... ^ 



v i . :*' -'\. t: if 

vi*» r 



,.«*(.? *N |w« : ini 



'?# ,**Vfi* ******* *- • 51 * -* 1 



1 ' ' ' »$- 4> 



yy 



. **: j 



■ i 



:* -if 



,^*** 



cm.’, I. ,,; " : Vt : T; 

V, .; *.' \ <■• |4 ;’ Ak^^V '••*-• '» ; 1 * v ‘ ' '**-''*' ' '' **' ' ■ ' * ' : ", 



■ ’ ■■ ff 

-. j - 





■ J^€; 


i- • 

3! 


. ji 


f ‘ el: 

*;• __ "v 


-■ i'i 


'Cli 


.ft .•>•■."» 
;>'.! ’ 


; '\w : 




." )s< 


'•••!• 'V 


i 


■ .1 -■ • •;'■ •' 
■-^7*1 ;»4j W .« ^ ■••' '/■ 1 ' 

':’*. v“ ; «m : v . 



, 'V U?*- £ * 'I • *36*fr> ". : : -•; " 

" '., . i * ■ •*):;. V I-'- • i)*' *. T f*r V' 



“ y ^ ; ■■ 



■5 iPv *' *'i 



■n %?*(<«•*, ;*>.<■> •....* 



« 



o 



CM 



s/> w ’ hv- •‘t'‘. ■•* '• 

^ ’j..-, - * •• • ^ • - : •' • i • :,;. - ■ 4< . ,•■ 

• ..^•.' , 1 ,,. 1 ..*. * *•$+£ ■ • v />■? c' 1 ,4V .4*-' 3?:. ’Irf'” 

av.uv' ••’• ti y r' v 4 4 ' v> " > :* 

;v%. K 1 ' -4 ; ^ . v>r ?v: * 



Jf*' .; : 



fs y iM&i i' * ;•> 



^rsVsrAi?-* 

•••• .' i^.,^;.- 



#• 

CD 



CD 

CD 



"?' • • '^V ,: 

•!■•• '“''■••■■■ : - ‘ 5 ' 



r';. ;•■.*" ;V ; 4i-, h$. 



m 



A’ : 



1 . 4. , 1 . P$F*; S . : -,r,\ *! 



,,.,i -Ql - ,p 

•i4 ’ . ^r-d^N 





. 2- 


.-,•1. . ■ '. . L, .„• ‘.vij'^.i'/'.'*.* " ' 






•*‘i'-> .,'. ,f ■...., 'y.y . . 

<•• < ',‘,V i ‘ >V- ,*.. '■ ^ *' • ri 

v- , - ’‘ A ' " • ■ . 




;' : yVi4 ^ 


l’""*' ' '•’■•'•^ '*' k 

.*••".*•■ r -• f- : >. ^ '‘‘Ml.' ' 



- ^ - 



.,■■•. '•■. . ' v*«i} .A.. •'/ .j? 

,•».•••:&. ^ .? v *T. V .* > a v* iii* •• ’^ i! . - '•* *'■■'' - '•-. 

, v, $$$■ ’* 

■ -:4]rv- 

!>_;••<" ;, ■•'■:' ii-'.Ui* e4’‘ isAA* 

■;. .^v' *H''. v.;i f #1*'^"^ . 

•:'•■' 5 *•%*■/ : ^y|S s 



^%vT'"v : . ,T7V .. .v.-: ,.; ■ 

' ?.v I ’1 ggfi^ ( ' „ r ^ * Jr. . ifebs. • ! .‘-r-f *?«*• i»' 4i r '.• ”.A‘ .A*. •-■ 



Nr • tlf TiiH^ 

i |pp> ip* ^ •- , '^^- 



grra ri 



"'^s ., t 



"tsC-i'.? 




i-fi# 




U0l Vs . P^** '- c ’ '■ ; ' ■ ■ . •• 

I"* 1 ;--'-, j ;- ■ ’ . ( 

y 1.^. P-¥'.-: 






ih 



! -■ 






0 

ERLC 



. • - * ■■.. -i. s ..■ ■ .-' yy y a, ./ . .. ' .. . .. 1 yi 2 ., ~ . - v .. . •. y 



Table* 4.8. Cesprlym 

and Eleven>-Yedr-Old Opt, Sa on 
Auditory Performance 



— . . , j 

Performance Variable 


Obtained 
U Value 


Required 0 
at .03 level 


* 


TKresholdTITTerenc. 
Dmiuaan BakMv A Standard 


, 

20 


. 

23 


sio <r.05 


Trtele to Criterion 


30 __ 


23 


NS 


blHerence Between 
Criterion Trials 


43.5 


23 

V 


NS 



E3. Envelope Size. 

uik -^.^1 fit i+ was of Interest to determine baseline data 
a. VI Protect tie. IT uas or *m*r_ imDorteht to this experiment 

concerning vlbrcrt-acti i# envelope in* manner sfml tar to 

however: to learn whether or not | ? data aathered from young deaf 

:syi*s?rt xxxrr-'z s",rur.:«- jt - v. *. 

a Kruskal~Mal lls one-way analysis of varlanc. by ranks was used as a test 
J^SSS^mSSt or not ths thfae' samples had coma fr«m the * w* 

popu atlw fSl^sl. 956 - therefore ths hy pot has Is of no difference among 

+ «amo?as°wa s*accepted . The children thus appeared to ot 

manner equivalent to adults Insofar as V-T excursion size 

was concerned. 

b . Auditory ,. An Interest In auditory .any.lopa slze ^s existed 
In d Iff areola Id jag^t^audl^ry^for som.^ ma. ^ |( ^ n#cessary to have 
development In This prcyep* ja app* .t*. *han tha puts, tone Is used 

som background T^&^IrTrS ”^^1^ mportant variable 

as a stimulus. In ordw to gather #wlrii.at aara on t s , m 

the performance of ypung adu t '2 ye^old, ano i l yea threshold 

analyze. Table 4.10 *^'*“.{^^2 In %TtU^Lns of th. 
tracing of e 1000 ope tone, tol ^*trated in _ ia^ ady)f group . these 

children were epprwlmately2 ®. caoeble of emulating the performance 

data suggest that the Y^ng^ g^P*JJ^ ^ gr qups performed 

of youS adults. 1? thr^stol^Hs ori- 

In a similar way from » The obtained H value of 

way analysis of ¥ek« trid 03* va lue of 3.99. It wes 

5.96 approached but did not msllt the ftfwu uf| 0 i», I moor tent 

concluded that Th. thfp. I W a . ^fMttvoly as did 

*>«• «** S“ SSSK C'S^d^h were In ««T about 

2da2Hi!lar then^lS: W dB;t2t Is eusttmirH* seen In adult groups. 
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E4. Auditory General IzatlC Hfiv One of the purposes of this experiment 
was to determine whethor or not chi I drain would, of tor having generalized from 
one sensory system to another, continue to trace thresholds If other tones 
were Introduced without further communication from the experimenter* After 
generalization had taken place from V-T stimulus to an auditory stimulus of 
1000 cps, half the subjects In each age group were presented with a 500 cps //one 
followed by 4000 cps or the reverse; J.e. the 500 cps and 4000 cps tones 
were counterbalanced. Two of the eleven year olds did not have residual hear- 
ing at 4000 cps In which event they were tested at the next lowest half-octave 
at which measureable hearing remained; one eleven year old hat* no residua* 
hearing above 1000 cps. Table 4*11 summarizes the threshold data gathered 
on the twelve year old Ss. The "twelve year old children- generalized to 500 
and 4000 cps from the Initial 1000 cps tone without apparent diff iculty. The 
stab! 1 Ity In threshold tracing that has characterized these chi Idren as we! 1 
as adult Ss was manifested In the -small differences between criterion trials. 

The absolute difference In dB between criterion trials ranged from no difference 
at 4000 cps to 8.2 dB at 500 cps. 



Generalization to the auditory system took place when the 1000 cps tone 
was I ntroduced following the vlbrotactlle conditioning procedure. Therefore, 
that frequency was taken as the control with which tu compare the other two 
tones. This was accomplished by taking the dB difference between criterion 
trials and using this as each S f s measure In a Friedman two-way analysis 
of variance. Data from each frequency for each subject was used to determ Ine 
whether or not the Ss performed at 500 and 4000 cps in a manner similar to 
their 1000 cps perform ance. ; The obtained X2 of 1.5 did not reach the required 
.05 level. The null hypothesis was accepted and It was assumed, therefore, 
that not only did the Ss generalize from one frequency to another but also 
traced thresholds.’ 



The mu It I frequency data related to the elaven year old children ere- 
summarized In Table 4.12. The same type of analysis that was done with the 
tw6lvo year group was carridii out with ths elevens* The results were th® sawe< 
The x2 ; value obtained was 1.4 and quite short- of the required .05 value of 
5.99. These findings Indicate that the threshold tracings from one frequency 
to the other were similar and that generalization from the 1000 cps tone had 
taken. place. y\ ’y ' 



£5. Interfrequency Auditory Genera 1 1 zatlon . 
study to gather data on envelope size ...In children 
additional check on whether or not generalization 
might take piece. The auditory envelope si *es of 
and 1 1 1 resulted In means of 10 dB at 1000 dps* 

In the present experiment averaged 8 dB at 1000 
the var f quo enve I ope sizes that resu I ted from the 
aspect Of this experiment * .'The .grand mean of all 
8.2 dB, : >- {■■ ■; v*';. 



It was of Interest In this 
as wel 1 as to provide an 
from one tone to another 
adults In Experiments II 
Bofifthe 12 and |1 year olds 
s. Table 4.13 M (ustrates 
frequency genera 1 Izat I on 
Si: and all frequencies was 



These data indicate In another way the competence wltn which chi ldren 
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cen operate the automatic audiometer. ft It apparent thtt they gw«n!Ii# 
to ttio additional tonaa without difficulty. In order to avaluata the results 
of tha Intarfraquancy anvalopa tlzat a Fr ledmen two-way analyala of varlanca 
was carried out on the data from each of tha two groups of Sa. The elevens per- 
formed at each frequency In a manner that was statistically similar. The 
hypothesis of no difference was accepted In the case of the eleven year olds. 

The resulting rf value of 1.4 did not reach the required level of .05. In 
the case of the twelves the null hypothesis was rejected at the .05 level of 
significance; the obtained xt value wee 7.2 end the required value for <.05 
was 5.99. This apparent I V due to the smaller 4000 cps envelope. 

The overall results Indicate that auditory Intarfraquancy generali satio n 
Indeed occurred and whet Is equally Important Is that the children performed 
In e fashion not uni tha adults. 



F. Summary. 

The present experiment was designed to test the validity of a cross- 
modality generalization technique for eliciting auditory thresholds In deaf 
chi Idren twelve and eleven years of age. 

As In the three prior experiments, all 8s satisfied criterion for the 
v I Pro te ct He and auditory threshold tracing tasks. Thus the results continue 
to demomtrate the validity of no n ver ba l Instructions (as usad In these experl 
meats) and the cross-modal I ty generalisation which was verified by equally 
sensitive auditory thresholds derived by the two different methods (limits 
and adjustment). The results of this experlmant suggest that deaf children 
at the upper elmnentary school level (In this case CA 12 and II years) 
chronological age can perform the cross-mode 1 1 ty generalisation task as 
efficiently as do adults. In addition. It has been demonstrated that such 
children not only succeed In cross-modality generalisation from tactile to 
hearing, but also generalise from one auditory stimulus to another; In this 
case from 1000 cps to 500 to 4000 epe In that order, end from 1000 cps to 
4000 cps to 500 cps. 
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EXPERIMENT HUMBER V 



A. PurgoM. 

Experiment 111 was designed to fait the validity of cross-modality general- 
isation from a vtbrotactlle to auditory threshold tracing task by comparing 
the control thresholds obtained by the psychophysical method of limits (modified 
Hughson-Mest flake technique) with the experimental thresholds resulting from the 
modified psychophysical method of adjustment with the same audiometer (GS E-600)* 
The results of Experiment HI demonstrated the validity of nonverbal Instruc- 
tions (as used In this study) and the cross-modality generalization task* it 
was concluded that the experimental method for deriving auditory thresholds 
was os effective as the control method* 

Experiment IV attempted to accomplish the same task In a younger popula- 
tion with comparable procedures* The validity of the data obtained on the 
12 and II year old samples utilized In Experiment IV was determined In the 
same manner as In Experiment III* The results continued to demonstrate the 
validity of nonverbal Instructions and the cross-modal I ty generalization 
task for a younger population* Moreover , an examination of Interfrequency 
generalization from one auditory stimulus to others was accomplished* It was 
apparent from the data that generalization from 1000 cps to other tones (500 
and 4000 cps) occurred without any apparent difficulty* 

Experiment V was an extension of Experiment IV with the exception of the 
Interfrequency generalization task which was eliminated from the procedures 
because of the ease* with* which 12 and .11 year old children succeeded. A more 
detailed Investigation of Inter frequency generalization will be made In future 
experiments* Of more Importance In the present experiment was the determination 
of the minimum chronological age at which the present nonverbal Instructional 
procedure was applicable* The independent and dependent variables and the 
mefhods utilized for their control remained the same as In Experiments HI and 
IV. 

i. Subjects* 

Ten deaf students were selected on the basis of age at each age level 
from GA ten (9 yrs.-6 mos* to 10 yrs*-5 moe.) down through and Including GA 
five (4 yrs*-6 mos* to 5 yrs*-5 mos*)* An additional student was selected 
for each of the two age levels seven and six years to supplement the missing 
data due to the elimination of one student from the project at each of those 
age levels because of their failure to couplets adequately the required test 
procedures; sixty-two children served as $s In this experiment with data 
resulting for sixty. Hearing residual was the second criterion for selection 
of subjects; It’ was required that each S Kbv% some residual hearthg at 1000 cps 
in thm test her.‘ 

C. Instrumentation and Test Environment* 

The vlbrotactl le Instrumentation (a tod loser G-T0A bone conduction 
receiver with the Grason-Sladier E-600 audiometer as signal source) and that 
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used for Introduction of the auditory stimulus In the cross-modality and 
standard audlomatrlc comparison tasks (TDH-39 earphones and MX-41/AR cushions 
with E-800 audiometer signal source) rsmatnad tha sama as that used In 
Experiments 111 and IV. 

Tha Ss wara obtalnad from thraa sources; most of tha Ss wara obtained 
from tha Maryland School for tha Deaf, and consequently, their tast environ- * 
want remained tha sama as In Experiment IV. Tha remaining Ss wara obtained 
from tha Hearing and Spaach Cantar Preschool and Msndall School both of which 
ara on tha Ga I laudet College campus. For thasa subjects, tha aqulpmant was 
ralnstallad In a sound trsatad room In tha Haarlng and Spaach Cantar. Tha 
tast anvlronmant was Want leal In both of tha locations and consisted of a 
soiund-traatad ona room set-up. Tha S was seated directly next to tha audlo- 
matar to al low the examiner IE) to operate tha audlomatar and also to Instruct 
the $ nonverbally In tha vlbrotactl la threshold tracing task. A screen was 
placed between tha S and the audlomatar to prevent the. $ from being distracted. 
Tha attenuation rata (2.5 dB/sec.), tha standard pulsed tone (Interruption 
rata of 2.5 Ips), and rise-decay time (25 msec.) wara again employed In tha 
automatic audlomatrlc procedures, and thus, remained the sama as those used 
In tha first thraa exparlmants. 

It was necessary to substitute a smaller subject response switch (MS) 

In place of tha standard GS E-800 RS before beginning the tast procedures 
with Ss younger than CA 8 (7 yrs.-6 mos. to 8 yrs.-5 mos.) because of tha 
relatively large size of tha standard RS and tha small size of tha S v s hand. 

Tha new RS utilized for tha remaining part of tha present experiment was tha 
Rudmose. 



0. Procedures. 

1 . Procedure to Establish Conditioning to Tactile Stimulus. Tha 
procedures used to establish conditioning to the tactile stimulus ware * 
Identical to those used In Ekperlment IV. 

2. Procedures for Generalization to Auditory Stimuli. * Following satis- 
factory completion of the vlbrotactile task, cross-modality generalization 

to an auditory stimulus was tastsd on each S^ Tha procedures rsmatnad tha 
sama as In tha preceding experiment. 



3. Derivation of Comparative Auditory Thresholds Utilizing Standard 
Techn tques. laniedta+eiy following the vibratacriie ana generalization tasks. 



goes. 

each Pi auditory threshold was determined by standard audlsmstrfc procedures. 
This was dona in order to allow comparison of thresholds derived by tha two 
methods. Standard audiometry (method of limits) was conducted as stated In 
the previous experiment (Exp. IV). 



4. Measurement of Intel tlosnca. Following the completion of the vlbro- 
tactl la and audiiary mseiu r eim #rS as dascrlbed, each f was given the Psrformanoa 
Scale of tha uechelar Intel llgenca Scale for ohlldreh. This tast wis net per- 
formed on the seme day is the psychophysical measu r eme nts . In all cases, the 
Intel llgenca tasting wee dons after the completion of the vlbrofactlls and 
auditory tasks. 



;l 



o 
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E. Res ults and Disci lesion. 

The criterion of fifty percent or greeter success et eech ege level In- 
cluded In this experiment net satisfied fey children 9 years - six months to 
10 years - five months; the data from 90 Ss are reported lit yearly age incre- 
ments each containing ten Ss. Successive children at each level entered the 
experiment. One seven and one six year old did not su cce ed In the V-T con- 
ditioning task. Each was replaced by successive $ number eleven at each of 
the age levels. Five year olds (l.e., 4 yrs.- 6 mos. to 9 yrs.- 9 mos.) did 
not meet the fifty percent success criterion; only forty percent succeeded. 

The analysis of their results Is discussed separately from the five age groups 
ranging from six through ten years. 



I. Vlbrotactl le Conditioning Performance, The miens and standard 
delations of vlbrotect! IS thresholds by age groups are presented In Table 9.1. 



Table 9.1. Means and Standard Deviations of 
Vlbrotactl le Thresholds, by Age 
(expressed In dB, nominal SPU 
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There did ftpt appear to be any less effective performance as age dec r ea s ed. 

A simple analysis of variance was carried out to test whether or not vlbro- 
tactl le thresholds varied with age. Table 9.2 summer tsee the results which 
were statistically non-slgntf leant. Insofar as absolute vlbrotactl le thresh- 

Table 9.2. Suemary of the Simple Analysts 
of Variance of the Five Age Groups 
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old Is concerned, therefore, It sss found that the youngest group performed 
In s monitor oqusl to the others# 

The moans and standard davlatlons of tho vlbrotactlle envelope, or ew- 

curs Ion widths, ora shown In Tahlo 3.3. Thsra did not mm to ho any con- 

. . ' , * • . 

. ■ 1 % 

Table 3.3. Moans and Standard Davlatlons of 
Vlbroteetl la Envelope, hy Ago 
(•(pressed In dB) 
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slstant pattern of change between size of envelope end ago. A slmpla analysis 
Of var lanes of tho parformanca of the flva ago groups sh o wed that tha moans 
did not dlffsr significantly, Tha summary of this analysis Is presented In 
Tahlo 5.4. 

Tab la 3.4, Summary of tha Slmpla Analysis 
of Variance of tha Flva Ago Groups 
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Tabla 5.5* Mates and Standard Deviations of Numbar 
of Vlbrotactlia Trials to Crlfarloo 
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Tablo 5.6. Summary of tha Simple Analysts 
of Varlanca of tha Flva Aga Groups 
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tndfcatad that tba nonvarba I Instructional tachntqua was laarnad quickly by 
ch! Idran as young as sIh; that absoluta thraahold was tracad and found to ba 
statistical ly equivalent throughout the ovorail aga range of chi Idran; and 
that envoi opasUa did not vary wfth:bga. 

a* Tha purpose of tha vlbrctactlla procadura 
ramintsi tha dependent war labia was auditory 




Ihlthrosftotd* envelope size, and trials to erf tar Ion. 
tha oowtibl war labia for aud|torythreshold Mas threshold determined from 
standard audfemetry. Tha mains, mad land a nd ranges of ths absolute thraahold 
auditory measures for the control and eKperlijentaf war lab las ara shown In 
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Table 5.8. Summary of Simple Analysts of 
Variance of the Five Age Group* on Difference 
Between the Control and Experimental Thresholds 



Source 


df 
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25.82 




1 Total 
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In previous studies with adults referred to In the Introductory chapter 
standard and Bekesy thresholds were found to be statistically equivalent. In 
order to test the hypothesis of no difference between the control and experi- 
mental method In this study, a t test for correlated data was computed In 
the tofal sample msens of the fifty Ss. The results of this, as shown In 
Table 3.7, Indicate that BrHesy thresholds and standard thresholds determined 
as they were In this study with hearing Impaired children yielded equivalent 
absolute thresholds at 1000 cps« 

Table 5.9. Sumrary of t test Between Means 
of Control and Experimental Measures 
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The dependent variable la this experiment was the manner In which Thresh- 
old was traced fol lowing general Izetion from a vlbrotactlie to an auditory 
signal. It was of special Interest to determine whether or not envelope site, 

or excura Ion width, verted with age. Table 3. lOshows the _ means and standard 

davlations of auditory anvalcpa alia by ago. A staplo analysis of varlonca 
of th. parfonse n c . of tha f lv. ago groups shouod that tbs w— ns did net 
differ significantly. thMW findings (sw Tabt. Svll) ahead that hsarfng 
Impslrsd chtldran of th. agss dssd In this eparlaant ps rfon asd In s aarhadly 
consist** fsshlon. Th.fr parforaanea 1 1 lustratas that th. trscfngtasks nr. 
Indasd within thslr cspsbllltlss and thst sutonstlc audloastry can bo 
accomplish*! rollabty and validly tith chtldran* 
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Table $.iO. I%»nt and Standard Deviations off; t * >■>•• 
Auditory Envelope, by Age 
. UNpressed In dB) 






‘Experimental 


1 


7& 








Variable 


12— iik 


:■■•. 7'- 9:S- ; .; : 
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8.2 


' fa 


'»■„ ■, 

7.0 


s.o. 


' i.o 




1 3,2 


2.2 


2,2 


n t :J 


! 10 




J 11 

L io ■ 


10 


U:" 10 . 



Table 3.11. Summery of _+h# SlnpiA Artilyslt 

- '^ 6 f 




Between Groups 

Within 

Total 



45 

49 







Previous* I scusslcn of trials to criterion In the V*T conditioning pro* 
endure indicated no difference between means ot the various age levels. The 
means endstandard deviations of number of sudltoi^Atrlals to criterion are 
shown In liable 5. ‘simple analysis of variance of the performance by 

• • Table 9. 12. Means and Standard Deviations of - 
Number of Auditory Trials to Criterion 
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age levels resu I ted In no difference b e t wee n the means. This finding of no 

Table 3.13. Summary of the Simple Analysis of 
Variance of the Five Ago Groups 



Source 


df 


SS 


MS 


F 


Between Groups 


4 


41.88 


10.47 


1.32 


Within 


45 


309.00 


6.87 




Total 


49 






1 



dlfforonco on bases of ago and auditory trials to crltorion Is similar to 
that found with tho conditioning vlbrotactlle stimulus. Tho dlfforonco sooro 
botwoon 9-T and add I tory trials to criterion was usod In a slmplo analysts 
of variance to toot whether this varied with ago. Table 3. 14 shews that the 
naans of tho Ss by ago level did not differ significantly. The hypothesis 
of no difference between mean trials to criterion of vlbrotactlle and auditory 

Table 5.14. Summary of the Simple Analysts of 
Variance of the Difference Between V-T and 
Auditory Trials to Criterion by Age 



1 Source 


df 


SS 


MS 


F ' j 


1 Between Groups 


4 


93.32 


23.83 


2.42 


Within 


43 


443.20 


9.83 




Total 


49 


• 







stimuli was evaluated. Table 3.13 showsthe i»»ens i producf*mQment correlation 
and t value computed between the cond itlontng and experiment* I variables. The 
differences between the means and variances of the two samples were not 
significant. 
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3. Data of Five Y ear Old Group. Only tour of tan successive cases at 
the 4 years - 5 mot. to 3 yaara - Tibi, laval conditioned and generalized. 

The performance of these Is summarized In Table 5.16. 

Tab la 3. 16. Means of Vlbrotactl la and Auditory Thresholds, 
Envalopa Size. and Trlala to Crltarlon 
(Five Yaar Olda) 



Subject 


V-T 

Thr«shold 


Threshold j 

Standard - Bakaev I 


Env.lop.Slz. 
V-T Auditory 


i Trials to 

Crltarlon 
V-T Auditory 1 


j I 


Fal lad 


81.2 


Failed 


mmm mmmm uimmim.mmmm.mmmm 


wmmmmnmTzvmmm V 


2 


87.7 


99.1 


113.3 


7.3 13.4 


13 6 


1 3 


Fal lad 


129.1 


Fs I 1 §d 






4 


Failed 


118.1 


Failed 1 


[ 


V 


3 


Fal lad 


1 13. 1 


Fal lad 


1 

1 

1 

1 

• 

1 

1 

I 

1 

1 

• 

3 

1 

1 

I 


! 

II 

a 

i 

I 


6 


Failed 


93.1 


Fal lad ! 






7 


87.6 


109.1 


106.8 


10.0 9.6 


12 4 


e 


75.1 


63.1 


65.4 


8. 1 8.2 


2 2 


9 


Failed 


96.1 


Fal lad 


i 

t 

t 


> J 


10 


86.0 


86.1 


88.6 


4.3 3.9 


2 2 1 


Total 

7 


1 84. 1 


! 99.0 94.0 


7.4 8.8 


7.8 3.3 | 



The data obtatnad on these four S* appeared to ba comparable In every nay 
to that obtalnad by older deaf chlldran. Hoiitva*i the mean ylbrotectlle 
trlala to crltarlon (7.6) was somewhat lar^ar than that obtalnad by tha oldar 
daaf Sa. Tha small size of tha sample Cn«4) probably played an Important 
rola In tha Coloration of tha data line# too of tha fpur Sa were able to 
aatlafy tha criterion of tracing tiro consecutive trlala of tan presses and 
ten releases whose maan thraahotda were within 6 dB In the first two trlala. 

Chce the S learned tha vlbrotactl la threshold trading task, Ms performance 
In tha auditory threshold tracing tack waa cOiparabia to that of older daaf Sa. 
This la Indicated In tha maan trials to criterion score of 3.3. 

liona of the ilk Sa who failed to perform tha threshold tracing task eatls- 
factorlly ware able to aatlafy crltarlon for either the vlbrotectlle conditioning 
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o r cross-modality genera Hzctlon (audltcry threshold tracing) tasks even after 
nonverbal re Instruct Ion, Moreover, tha total threshold tracing performance 
of those S* who failed to satisfy criterion ass so spurious as to make analysis 
of their data Impossible. However, as shown In Table 5.16, It was possible 
to obtain approximations of auditory thresholds on each of these Ss by the 
psychophysical method of limits (modified Hugheon-Westlahe technique). 

These five 'year old Ss wars given the baiter International Performance 
Scale. The mean IQ score was 117.6 with a $• 0. of 16.0. 

4. Intelligence Test Results. Intelligence In the five age groups from 
ten through six years was measured with the W1SC Performance Scale for the 
purpose of providing a description of the sample used In this experiment • 

Table 5.17 shows the means and standard deviations of these groups. 

Table 5.17. Means and Standard Deviations 
of the Five Age Groups. (WISC) 



• ] JGr. 




wise — ’ 
10 


10 1 9 


8 ' 


7 


6 


Mean 


113.2 


106.6 


105.7 


101.7 


105.5 


S.D. | 


1 21.2 


14.2 1 


j 10.4 


12.0 


19.2 


" "1 


1 10 I 10 ! 10 


io ! 


| 10 



F. Summary. 

This experiment was designed to test the applicability of a nonverbal 
Instructional procedure (IT-A) for eliciting auditory thresholds In children. 
Vlbrotactl Is and auditory data based on fifty deaf children, tan at each 
annual Increment from ten through six. Statistical analyses of these dete 
Indicated that age was not a significant factor I fl I earning tha V-T threshold 
tracing task. In tracing absolute vlbrofactlle and auditory thresholds. In 
generalising from one sense modality to another, and In tha precision with which 
children could track threshold (as revested In envelope else)* 

The validity of tha experimental auditory test m* tested by comparing 
Ss 1 performance on It with performance In standard audiometry, .The -absolute 
auditory threshold statistic*! comparisons revealed no differences. This new 
nonverbal Instructional technique for use In automatic audiometry with children 
has been demonstrated as successful In more then fifty percent of children six 
years of age and older. 

As will be seep In Experiments VI and Vlli, Bekesy audiometry with slight 
isodlf lest lens oih work with even yobnger children than those who suooeadsd 
In the present experiment. 
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EXPERIMENT NUMBER VI 



Ac Purpose* 

Sixty ptrcwt of IN# deaf cMMrin it Ihe five year lovol (4y-6m to 5y-3») 
fat lad to meet the requirements of the V-T conditioning and ftm auditory general- 
1 ration tasks* Ninety percent of theta chi Idren tea ted at the tlx and seven 
year levels satisfactorily completed tooth tasks* Experiment VI, therefore, was 
designed to test a slight Modification to the nonverbal Instructions In an effort 
to lower further the chronological age (CA) at which young deaf children could 
ooapleta the V-T conditioning and auditory generalization tasks.* The modified 
IT- A was labeled IT-B and Is discussed In length under the procedures section 
below* 



Also It wpb of primary Importance. during this experiment to determine whether 
those children who failed In experiment V could succeed with the modified, non- 
verbal, V-T Instructions OT-B). 

The dependent and Independent variables remained essentially the same as 
those In previous experiments; the same was true of the methods for their control. 
However, a new Independent variable. was Introduced by the modification of the non- 
verbal instructional mode* The method for controlling this variable Is explained 
in the section bn procedures* 



B. S^Jtfitl* 

# « 

Rstsst Subjects « In Experiment V, one subject <S) at each CA of seven and 
six, and six Ss at the CA of five failed to satisfy criterion for either the V-T 
conditioning or the auditory ganeratlzatton tasks* These children were retested 
using the new modified nonverbal Instructions employed in the present experiment. 

Maw Subjects* Thirty new Ss were utilized to determine the minimum CA at 
which the modified nonverbal Instructions (IT-B) were no longer applicable* These 
Ss were ten children at each age level from CA six (3y-6m to 6y-9m) down through 
and Including CA four Oy-dm to 4y-5m>* It was required that each S have hearing 
at 1000 cps In the better ear. 

C. Instrumentation and Test Environment* 



The test environment and all Instrumentation remained exactly the same as 
that utilized In Experiment V since the present experiment dealt only with a 
modification In Instructions* However, because the technique employed for 
delivering the nonverbal V-T instructions was changed slightly. It was necessary 
to manipulate the equipment In a slightly different manner. The technique utt I- 
laed Isexplalned In the section on procedures* 



D* 



The following p. 

* " • • v • 

*v» 



1 * 




were 



Itlonlno to a Vlbrotactl le (V-t) jtlmuAus* 
(BtSbH eh cond Itl on 1 ng to the V-T st! mu V us: 
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i) iftr $ was comfortably saatad at a standard children a ichoolj*^ 
to which tha rosponsa switch (R$) was attached with adhesive tape, the bona 
conduction transducer was placed on tha thumb of tha hand opposite to that used 
for writing. Tha elastic tape was drawn around tha transducer,!™ sprl ^ 
plate modification and tha $ f i thumb with sufficient tightness to "Just barely 
depress" tha spring completely; 



t « 

b) th. E-800 pm MB. Mt .t th. pTWl«t«rMlM<l portion 0(90 dB ‘""i** 1 
SPL) on th. graph papar with tha 20 dB pad In th. plus position In pr spars tlon 
for delivering manually a high Intensity 500 cps V-T stimulus through the bone 
conduction transducer; 



c) IT-B procedures 1) the V-T stimulus was presented to the S by 
manually switching the Electronic Switch from the "Alternate On" position to 
the "Stimulus Oh" position; 2) the duration time of the V-T stimulus wes 
varied In order to aid the S In grasping the concept that he was to Heap the 
R$ depressed for the duration of the stimulus; 3) as toon •• tie ton# . 

delivery began 9 the E depressed the Index finger of the S (hand used for writing# 
on the R$ tor the duration of the stimulus; 4) the E then manually switched 
the Electronic Switch back to the "Alternate On" position, thus 
stimulus while at the same time removing the finger of thevS from the R5; a# 
after this procedure was carried out for five consecutive stimuli, the S was 

allowed to depress the RS by himself for five more consecutive stim uli; # 

If at this time the S demonstrated that he did not understand the precondition- 
ing test procedures, the entire procedure was repeated a ^°^* ;*** * f 
at this time the S demonstrated he understood the procedure, testing for V-T 
conditioning was carried out In the following manner: 



d) V-T threshold tracing: I) E returned the pen to an arbitrary sub- 

threshold level, returned the chart table to the full-right posltlonandde- 
pressed the audiometer pen onto the graph paper, and S was then allowed to 
trace his vlbrofectlle threshold for five consecutive trials or for as many 
consecutive trials os were necessary until S traced f^ w ^ ld s^or to con- 
secutive trials whose mean thresholds did not differ by more then 10 do; z# 
after each trial of ten presses and ten releases (without wer^ptlon ortne 
stimulus), E returned the pen to an arbitrary subthreshold level and allowed 
S to continue tracing his own V-T threshold; E reinforced correct responses 
on the part of the S by nodding approval and/or short applause; E always re- 
mained passive and non-committal when no response or an Improper response was 

made; 



e) criterion was satisfied If, by observation, the mean threshold of the^ 
final two trials appeared to be within 10 dB of each other and #n ® 
evenness of threshold tracing Indicated that S understood the task *t hand; prnp* 
a rat Ions were made to test for cross-modality generalisation to an auditory stim- 
ulus with only a short Interruption for preparation; 



f) if $ appeared to have failed to satisfy criterion, a tan minute break 
was allowed before repeating Staps c and d above; however, during this second 
^ItlofUng attampt/ the r was a! lowed to trace hfs V-T threshold f^tm con- 
secutive trials or for as many consecutive trials as were necessary until 5 
traced thresholds for two consecutive trials whose mean thresholds did not 
differ by more than 10 dB; 
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9) thou So oho ap p eared to hov# ootlof led criterion of tor this seoond 
conditioning at tem pt wore proporod to oontlnuo with the cross modality general - 
I sotlon took with only 0 short Interruption for preparation; 

V 

h) thoM who still fallad to wtlsf^ crltorlon ooro ■ Mowed MidHidr ton 
minute brook; ooch of thooo $0 moo glvon 0 chonco to ottmpt tho cross sodality 
generalization took to on oudltory stimulus In emectly tho isO'isflijir h twit 
who did sotlofy crltorlon (refer to "Procedures for Oonorollsotlon to Auditory 
Stimuli" below for procedures); 

I) If the S foiled tho croos-modollty goners 1 1 zot Ion took, he res then 
eilmlneted from tho OMporlmsnt; however. If he poseed the goners I list Ion took, 
his oudltory threshold ot 1000 epe woo obtelnod by otondord eudlcmetrlc tech- 
nlques (refer to Step 3, "Derivation of Comparative Auditory Throoho Ido Utilising 
Standard Techniques for procedures); tho S woo then el lowed encther ettempt to 
sotlofy the V-T conditioning criterion using tho some procedures listed above; 

If this sttempt to ostebllsh V-T conditioning felled, the $ wet then cites ft led 
ss 0 fol lure* 

4 ' 

2. Procedures for Generalization to Auditory Stimuli# Following eetle- 
fectory completion of the vibrotac+ive tesk, cross-modailty goners II zot Ion to on 
oudltory stimulus wes tested on esch $• The procedures wore os follows: 

0) tho ooclllotor with Its spring-plots modlflootlon wes removed from 
tho $•* thumb after the tactile conditioning procedure hod boon completed, end 
the Bokesy unit recalibrated In preparation for the auditory threshold treeing 
task; 

b) the earphone wes placed on the better ear of the S; 

c) presentation of the stimulus: l) the Bekesy audiometer was set to 
present 0 fixed frequency of 1000 cps to the better ear of the S; the Input 
selector switch woo pieced In tho "STIM. CALc" position; 2) tho chart table 
wes turned to full-right position In preparation for drawing a graphic repre- 
sentation of auditory threshold from left to right; 3) the Electronic Switch 
woo placed In the "pulsed" position; 4) tho 20 dB pad was switched to the 
"plus" position; 3) tho pen was adjusted on the graph paper to an arbitrary 
subthreehold level; 

d) the hand of the S was placed near the RS which was still taped to the 
desk (same hand used for elbrofactlle conditioning procedure); 

e) testing fer generalization: I) without Instructions, the audiometer 

wee turned to the "Power On" position end tho S was allowed to trace his audi- 
tory threshold for ten consecutive trials or tor as many consecutive trials as 
wore necessary until the $ traced thresholds for two consecutive trials whose 
moon thresholds did net differ by more than 8 dB; this procedure wee carried 
out without any Instructional gestures, etc., from the E; 2) after each trial 
of ton presses and ten release! (without Interruption of the stimulus), I re- 
turned the pen to an arbitrary subthreehold level end allowed S to continue 
tracing his auditory threshold; 

f) criterion for generalization: I) the mean threshold of two success- 

ive ten-crossing trials for each frequency must not differ by more than 0 dB; 



' 2) fit litre to moot criterion: If criterion eat not satisfied In t^ consecutive 

trials at 1000 cps, the procedure to establish condltlo^ng toej 
stlnu Ins outlined above was repeated fol lowed by a second 
the cross-modality general? ret I on task; If criterion was 

second atteept at the cross-mode 1 Ity generalisation task (two conse^lve tr U Is 
of ten presses and ten releasee at 1000 cps whose mean ^esholds were within 
S dQ) testing was finished and the S was considered to bave passed ; the s was , 
considered to have failed the task end was classified as *t£ l#tI " 

cal purposes If, during the second atNmpt to trace hl8< wdftore ^thresholds, 
there w ere not two consecutive trials the means of which ware within 8 do* 

5, Derivation of Cowparatlvs Auditory Thresholds Willing Tech- 

ml oust lewadlstelyfoi low! tiq the viwcmgrm ans genera iiisti on tasks, seen 

S'r auditory thraahold mi datarnlnad by standard audlcwstrle procadaraa. Thl a 
aas dona In ordar to allot* ccmparlson of thrasholda dor Ivod by tha too asntods. 
Standard audiometry (method of limits) was conducted as follows* 

a) each deaf or hard of hearing 8 was given Instructions u# ®^ 

tlon of signs and verbal Instructions; tha age of the $, etc., deterelned the 
mode of S response to the auditory stimulus; the older Ss were lnstrocted to 
raise their hands each time they heard a sound no matter how soft or loud it 
see m ed ; the younger Ss were to place a peg In apegboerd for t 
younger chi Idren were allowed to hear soma sounds at the beginning of the test 
session for the purpose of conditioning whenever It was deemed necessary; 

b) the E-800 was not recalibrated before performing this procedure so 
that any slight changes In calibration occurring during the performance of the 
automatic audlonetric procedures outlined above would also be pMmjt, during -the 
performance of tha present procedure; it ms felt that this ^ld ellm^e^ 
variable which might be Introduced by rccellbretlon and would give a mat% 

ate Indication of the differences betwee n thresholds obtained by tha two methods, 

c) the S was seated In a position which precluded his a^aa^a^laa JPJJJJV 
E movements but which allowed ease of observation of tha 8 by the E; the e-bou 
heedsit was placed in position with the tone receiver on the same ear as that 
tested by : 1*£ method of adjustment previously; 

d> preliminary audiometer adjustments* 1) because ^of the sever Ity of 
each S f s hearing loss at 1000 cps. It was decided t o preset ft * , of \ . t . 
the chart table to a level suprethreshold to that threahold derive d by the me thod 
Of adjustment before beginning the test; 2) the attenuator set 
390BV was preset for 0 dB attenuation In preparation for dellvenf of # the 
tone; 8) the "Electronic Switch" on the E-800 was placed In tha Alternate On 

position; 

e) test procedures* I) the tone was presented to the 8 by switching the 
Electronic Switch from the "Alternate Oil?* position to the "Stlmul^On^^tlon; 
2) attenuation of the stimulus was accomplished by manipulating the yTByBVBr 
Set modification; 3) the Modified Hug hso n ■We st lake technique (Carhart and Jarger, 
l§59) was used to establish the 8*0 auditory threahold* 
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E. Res ults and Discussion. 

| ( Rrtiit Subltetti Th« Ss who fillfd to wtlify tho V-T and auditory 
threshold tree? ngtask crl tar I a In Experiment V and thalr performance with tha 
modified Inatnictlona will ha dtacuaaad first. 



Sava n of tha sight retest Ss wars glvan a chanca to sat «»fy c rlJj r, on for 
tha V-T conditioning and auditory threshold tracing tasks utilizing tha codified 
nonverbal Instructions CIT-B). One $ at CA 6 C5y-8m to 8y-3m) *as no longer 
available for testing. Tha criteria remained tha sacs as In previous experiments: 
vlbrotectl la. ability to trace two consecutive trials of tan presses and tan re- 
leases tha cean thresholds of which ware within 10 dB In a specified number of 
trials; auditory, ability to trees two consecutive trials of ten presses and ten 
releases the cean thresholds of which wars within 8 dB In a specified number of 
trials. 

Soma of the Ss had previously been given a second chance to satisfy the 
crltera for the threshold tracing teaks utilizing the original nonverbal Instruc- 
tlone. All of these were ultimately classified as failures*. However, all seven 
Ss retested utlllzli*) 1T-B cat criteria for both the V-T and auditory threshold 
tracing tasks. 

A review of the teat results utilizing IT-B Indicated the following charac- 
teristics. The mean V-T envelop* size was 9.8 dB, the mean trials to criterion 
was 3.8, and the mean difference be t ween criterion thresholds was .74 dB. All 
of these results were comparable to results found In former experiments. The 
mean auditory envelope size was 10.3 dB, the mean trials to criterion was 2.8, 
and the mean difference between auditory criterion thresholds was .72 dB. Again, 
these results wens comparable to results In former experiments. Th e defe rence 
between seen thresholds derived by the method of adjustment and the method of 
limits was 3.04 dB and compares favorably with the 2.37 dB overall difference^ 
b*1vwn Utmhold. *rlv* by two Mlbod. fwr 90 ohl >4r w twt* In 
mant V. The failure Ss of Experiment V were retested In an attempt to determine 
whether failure related to the test criteria or the Inability of the Ss to per- 
form this type of audiometry. On the basis of the retest data, the former seems 

to be the ease. 



2. Mew Subjects. Thirty new Ss were tested using IT-B. All of the ten 
deaf Ss were able to satisfy criterion for both the V-T conditioning and the 
auditory generalization tasks at CA 6 <3y-6m to 6y-3m) during the fl^t test 
session. Ths primary goal of this experiment was to find the mlnlmum^CAat 
which the modified nonverbal Instruction, IT-B, would result In satisfactory 



auditory threshold measurement. 

Table 8.1 indicates that the lowest age for satisfactory completion of both 
threshold tracing tasks utilizing the modified nonverbal Instructions was CA^f 
(4y-6m to 9y-9m>. Fewer than 90s of the chi Idtan were successful at completing 
both task! at CA 4 years. Mhen Method 1 , 1 .e., 1T-A, baa utniaad as an Instruc- 
tional mode, all the Ss who wore able to succeed at the «o^1tlohlng t ask 
were also able toeemplete -succeie^ttythew^t^ 

ever, when Method II t IT-B) was utlllaad» 90f of the % pissed t^ ^rcondltlon- 
Ing task at CA 4 yeers, whereas, only 30Jt of those same 8a wera,abls to satisfy 
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" Table 6.1. Percent Success Ip Two instructional Techniques 
(Five Independent saaplee o# 10 Si) 



1 

I CA 


VT Auditory 1 

IT-A IT*4 I 


VT Auditory • I 

IT-B IT-8 


9/6-6/S 


90 90 

(4.6)* (4.8) 

n«10 


100 100 1 

(3.3) (2.8) 

nelO 


4/6-S/5 


40 40 

(7.8) (3.9) 

n»10 


90 90 

(3.6) (4.3) 

vw*10 


3/6-4/S 


\ *1 




90 30 

| (3.0) (4.0) | 

1 n»10 1 



«ttudber In parentheses Indicates ween nunber of criterion trials 
required. 



criterion for the auditory generalisation task. One possible axplanattan for 
this phs n ows n on la that savaral of those children who fat lad to ooap lata ona or 
both tasks satisfactorily becaws neget I viatic a short tlwe after the test session 
bagan. Soas of thasa chlldran rafusad to ooapiata althar tha V-T con dition ing 
or tha auditory ganarallxation tasks while others wars apparently reluctant to 
oontinua on to tha auditory ganarallxation task after suooaasfuily ooapjatlng 
tha V-T conditioning task. Whether tha apparent negativity was due to Inability 
1o cowprehend tha task or short attention span or a conbi nation of both and pos- 
sible other factors Is not known It Is possible to state with a high degree of 
probability that wnst of tha failures at one or both tasks wight have completed 
both successfully If attention had not bean withdrawn. It Is possible, too, that 
nlnforrmunt other than social relnforcewent as used In this study wight prove 
to be wore effective. 



At this point It should be restated that tha V-T conditioning and Its re- 
lated IT-A and IT-B procedures ware essentially weans to an and. 
althar procedure lias In the outcowa #f tha auditory wsasurewents that follow It. 
Tha control variable In Theaudttory test In this experiment war the absolute 
threshold as datarwlnad by standard audlowstry (wathod of llwits). 



Die weans of two 
warlxed In Table 6.2. 
calved IT-8 prior to the 
score was wed Si the \ 
Whitney 0 of 43 resulted 
that those Inetreifcted wl 
slwttar to the! F control 
IT-A. the slight 



groups of six year old deaf chlldran are suw- 

^ A was instructed with procedure IT-A| Broup B re- 
Bakisy threshold audlt^ tracing. Ttwdlfference . 
tarystlon toroc**>srIng fbe IT-A and IT-B groups. A ***** 
In tha ecosplwnpa of th# null hypothesis^ This Indicated 
h it-i traced B i k s sy sail tory thresholds thatwareas 
(standard) threshold as dld tha group lnstmcted with 
In the instructional procedure, called IT-B, not 



-82- 












O «*•••'•. — 

— gj « I? 



?**\»y* >yV?:\ ‘H -\*^ f £$ 



l -a- .*: v- 



*>• .«• ?*" *j 





... > . 






» ft 






' r' A *x * . N*‘ 

■>.,< -V r S t'ty 


1 

j ^jK . 






>f r ■ f •• 


i u'- 




iV ' 




• ■'•' i'-’.v'S?-. . \< 


ipmiy 




■k 





S s > j 



i-j:: -v 




10 ft 

£&Jt 

>M?‘ lk^&: 

.: \ :.‘ •••• '%$,ii.pitt$ 

'•-••ip . ;— *\ 

IT* • • * 

- * 

.*\ 4 ,?*:.•. ■ 'sf- 6 ', *7 



■*. & % ■ ■- Tsr-"' 

.. >• *' 4 ' 



<o ©i ® ~ 

*.‘. *>»f #*«-«» j^r* \& *>'< •*» '-v 

.■'•■■ •»!'" ■■•«•» ■ ♦ 
»?■ • -. -V • ■- ■£.«* . 

■•' ' ,' ' ' ••) .* • - 



vi/l, |Vj»"»,'!<**'* 



:»i{ n:-**.-;* '.# ;; .yJi • ?; i. ■• 



■'*>. 



" 8 8 , 

"* "'. "> • l /\v • - i' " 

C : V;7 -f- : f'*k ?*£'$%■ - 'it'- ■; &:' ■ f i 

y/x ■<; .* flr$ i'; ; . it. '■$ ®fcl ^ 

■•fwf;, •;•-/ ' JW* -Jpp? - ‘^'U.; •:•; *•/* '&&6t ^•I4 : ••Sy* I 



<4. 



:<4H ;if 






■ \ 







•V j? -.: 




to 




;jK • 


8 1 • m , r > o 


. f:h6>. 




■- .VS.Sj 


f m* .. 




. •;'<’.$> v 




« » ', . W jg 










•-V* . *. # -’ 

'l^f# 






>b uir 


•was, 6 


R ♦ : 


' ’y ' 


<■4 .. . ’ 





v v # 4 S 



•$$*■ ' ^ AO 



*», &Mm^y 

• if$. ■ ' ■ •£ I 1 '^A : ? 



M -.^ :: " ^ / • 

* ' - # ■ • . 

*f tV$: %iy^p'.r -Mf:-' V'<1 : US >•■'.. 



M . .; — 

• • ** 



Ok 

*., 



r «PkH' s,, ''‘ 'A*- 

fc*< i>- j4 V'. ( 



.»•:,« o‘-v 4 -t t *•*«.' • >,>■ -i •; ■.; • > \)» .iv-* ■»: ■ 

■ - . v -r . ■^,.'"‘« , i l , ■ ”•'■ r ? 

'... . -V* • « "Y* , • ' ‘ •■'• »' ' 



£■ 
• '.t 






‘ I 



A ' 

*!• ‘ 

• I- 



• ■ : ' • • 
« 



S 8 



JE^.. ® t» 

^c!", 4 0 ; | ‘ f ■ * ? v^:* X- •, 



>:y { ' 

1 Jt?d i.;vvj, 



7|*;4v: ■&&'*«*. 
4 - ; i,;- «'.,t :^4 



.»i ' 

i^i'i A* 



^fiv^ec^y-a *•:•«.,, 






Hfl|¥P| fr t1f &i.U* 



!«**« .-msiV-. - r^H »■: * S& ? i- 






Cv .^e 



! .hI- cs -; ; ct5 s- sw^*. 

'^: *• '** W* '-' " “ . • •' ■’ •*; 1 Jt “. •■ 1 

.4#X i-p'-ih si ■. 








l; ; ;r^|,:>>: 



only resulted In a greater percentage of successes than IT- A butal so M ai ntain ed 
the efficiency of IT-A aa reflected In absolute auditory threshold coaparlsons. 
The other auditory aaaaure with which to coapare the t wo g roupa was tha anvaly 
alM. The envelope size raf lacta tha accuracy and/or attention a s pays t o tha 
tracing taah and Ihua la a aaaaure of varlfelllty, Tab la 6.3 presen ts a a awiary 
of tha aaana and standard dovlatlona of the control (IT-A) and experlaental group 
(IT-B). .Vv.; ~ -• - ■-. 



Table 6.3. Mesne and Standard Deviations i 
of Auditory Envelope SI zs In Two Groups of Six Yaar Old* 

(aapraaaad In dB) 



TSroup 1 


- >, n j 


| Mssn 


SeDe I 


IT-A 


10 ”1 


7.0 


L 2.20 


IT-B 


10 


9 «1 


2.19 



Tha difference between tha aaana of tha envelope*!** of tha tuo p y 
a pproached but did not reach tha required .05 I aval of significance. Tna naan 
Whitney u tact resulted In a U valuer of =24 <wharaes 23 uaa reaulradat tha ;«*• 
taval of significance. These tlndlitfb relbtlve,to ebdltory threshold and aud - 
t5y- efedtbp* *1** auggeataS ho dWaSanta* l«t«tccaa following IT-A or IT-6 in 
tao grdups s# deaf si* yaar ehl ^ 

• Thu peasant axpsrlasnt sought to lewar IPs ago to 
In the fen* of the Bekesy oould be epplledwlthoutanyaodlfleatlon to fh a Inatru - 
aant Itself. The dependant variable, auditory threahold and th e var lany yprea- 
sadln the envelope size, wee s wa a ln ad In the six, five and feuryeer old child ren. 
Tablo 6«4 ahaws the aaan threshold and aaan anvalopa alia In aad» of tha three 
ags groups- Thsrs wss • dltfsroncs Is ths stop Is stsss dus to ttis fsfttirss asong 

Its youngsr 1«o groups* 
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Tapis 6.4a Maan Thrastiold and Envslops Slas 
of ThrsS Ags Groups. 

(dB ro e0002 dynss/csf) 



«i- . 

Ags 


n J 


| MMnBskssy 

1 Thrashold 


Envelob. Slza^ 


Mssn Standard 
Threshold 


6 


10 


■ i 

104.4 


9a 1 


103.7 






92.0 


0S0 


0U.6 j 
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:5 


■ ,S ; 109*7- - 


iui | 


1 104.6 I 
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The difference tcors be t wee n cacti $ f i control and experimental auditory 
threshold was used at tha observation to taat whether the perfommnee of the 
ttraa groups differed. A Mrusfest-ttollts one-way analysis of variance by ranks 
taat was used to tast tha hypothesis of no difference. An H value of .82 was 
obtained whereas an H value of 5.99 was required at the .05 level of signifi- 
cance. Thus we concluded that ago did not have any significant effect on the 
tteper (mental auditory threshold Measure following at-B with four, five, and six 
yiir old deaf children who met the V-T and auditory succesi criteria. 

The swan envelope site of each subject was used as another Indication of 
performance on the dependent variable. The mean envelope size of each subject 
wse used as another Indication of performance on the dependent variable. The 
mean envelope sizes of the three groups ranged from 8.8 to 1 1 . 1 • Table 6.4 
1 1 lustratee these data. A WrosktI-Wef Ms one-way analysis of variance by ranks 
test was carried out to help determine whether or not age had an effect on en- 
velope size. No difference emerged In the case of ten through six year olds 
following 1T-A. The same finding occurred In this case. The resulting H 
value of 5.61 was not statistically significant thus suggesting that for thoaa 
who do su cc ee d in meeting criterion, perform a nce as studied In this experiment 
Is affective and efficient regardless of age; 



The purpose of the present experiment was an attempt to modify slightly 
the orlgtnil nonverbal Instructions IT-A utilized In past experiments In an 
effort to lower the CA at which very young deaf children could complete both 
the V-T conditioning and auditory generalization tasks successfully. 






In Experiment V with IT-A It was possible to derive accurate V-T and audi- 
tory thresholds for deaf chi Idren as young as GA 6. These Instructions were In- 
adequate at the 5 year level, with the modified nonverbal Instructions utilized 
in the present experiment. It was possible for 505 or mors of the five year 
to complete the task sueosssfuily. Howe ver a ftw children betwee n 5 years 6 
months and 5 yahre* frstfnthersUetieedad^oa* lofy th* V*? end auditory threshold 

of ' o( der -chi idren# 









In order to reduce the age at which very young chi ldren can perform a rela- 
tively objective test procedure a modification to the E-800 Instrument was 
planned for and evaluated in Experiment VI I. 
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EXPERIMENT NUMBER VII 



A* Purpo— . 

The tlx preceding experiments referred to os Port I utilized tho E-800 
audiometer os It oxlsts In Its present form* Tho nonverbal methods of In- 
struction, IT-A and IT-B, wort shown to ho effective procoduros thot food to 
cross-modality gonorollzotlon ond tho measurement of ohsoluto auditory thresh- 
old In odults ond children. A fifty percent success criterion ot tech ego 
level wot sot Ip the experiments; under this condition children between 4 years - 
6 moo. end 3 years - 5 moo. easily met the criterion when utilizing IT-B. 

IT-B was effective In fifty percent of the coses In the V-T treeing task with 
3 years - 4 moo. to 4 years - 5 moo. chi Idren but only thirty percent general- 
ized successfully to the auditory task (see Table 6.1 In Experiment VI). 

The purpose of Experiment VII, the first In Pert 11, was to test on 
experimental modification (to tho GS E-800 eudiometer) designed by the experi- 
menters end furnished by the Grason-Stad ler Company. It was hypothesized at 
the outset of this project that at some then unknown ego, young children would 
be unable to perform the Bekesy procedure es It Is presently constituted even 
with nonverbal Instructions. The Idee of treeing threshold by e tracking or 
bracketing procedure, completely controlled via the response switch under the 
control of the S, was osimmied to be beyond the capabilities of very young 
children; at least with social reinforcement es routinely used In Bekesy audio- 
metry end particularly ns applied In the present research. The results of the 
first six experiments suggested that the effectiveness of routine Bekesy began 
to falter seriously around three and one-half years of age. However, Individual 
Ss above this age had difficulty and at the same time some Individuals below 
this agb succeeded. The relatively good results with children below six 
years of age was not anticipated prior to the present project. In spite of 
this, we were Interested In exploring the possibility of devising this relative- 
ly objective test procedure for future use with greater numbers of young 
children. The purpose of Experiment VI 1, then, was to modify ond test what 
we call the MSB test, which Is a Modified Ascending Bekesy approach to vlbro- 
tactlle conditioning with the cross-modality generalization to absolute auditory 
threshold measurement fol lowing. 

The results of the previous experiments In this project Indicated that 
absolute auditory threshold obtained by the experimental psychophysical method 
of adjustment (Routine Bekesy) using the new vtbrotectl le (V-T) conditioning 
technique as a means of nonverbal Instructions was comparable to that ob- 
tained by the control psychophysical method of limits (modified Hughson-Mestlake 
technique) for both young deaf adults and children. In the present experiment 
the experimental variable was auditory threshold obtained (on hearing and deaf 
adults) with the modified Bekesy equipment (modified psychophysical method of 
adjustment, utilizing an ascending technique); the control variable w*s the 
auditory threshold derived by the routine Bekesy procedure. 

The dependent variable In Part 1 was the reliability with which the subject 
(S) could activate the response mechanism. The quantitative measure of this 
reliability was the threshold and paak-to-paak decibel range (envelope size) 



graphically preserved on tha motor-dr Ivan recording attenuator. In tha praaant 
experiment, tha dependent varlahla for tha Routine Bekesy threshold tracing 
task remained aaaantlally tha sama. However, In tha Modified Aacandlng Bakaty 
threshold tracing task. It ass only nacassary for S to respond to tha auditory 
stimulus by pushing tha response switch (R$); tha new timing mechanism IE-4300 
built to specification for tha Es by tha Grason-Sf adler Company) Incorporated 
Into tha system than automatically attenuated tha stimulus for a specified 
length of time (six seconds In this experiment) to a point of Inaudibility at 
which point tha tone Increased In sound Intensity until tha RS was again activated 
by the $• Thus tha dapandant variable was tha quantitative measure of thresh- 
old* Tha control variables ware standardized In tha following manner: I) tha 

Bekesy E-BOO audiometer was modified to allow performance of threshold tasting 
by both Routine Bekesy and tha Modified Ascending Bekesy (MAB) technique by 
Insertion of an automatic timer mechanism (sea description under section on 
Instrumentation); 2) utilization of tha standard Bekesy pulsed tone with an 
intirruptlon rata of 2*3 Ips with a rise-decay time of 23 msec*; 3) utilization 
of the 2*3 dB/sec* attenuation rate Incorporated In the Bekesy unit; 4) three 
frequencies, 500, 1000, and 2000 cps were tested for each S; however, the 
presentation order wee varied with each $ (es described In the section on 
procedures); 5) a six second tone-attenuation time was selected In order to 
mske certain that the tone became Inaudible before reversing Itself to approach 
ascending threshold again (see section on procedures); 6) verbal Instructions 
wsre given to these adult $s. 

B* Subjects* 

Two stmiples wore used In this experiment* The first sample of twelve 
adult So selected for derivation of baseline data had some among them who had 
previous knowledge and experience with Routine Bekesy automatic audiometry* 
One-half was* selected on the basis of reported normal hearing and the other 
half (classified as deaf) was selected randomly from the Galtaudet College 
Summer Institute students* Routine Bekesy audiometry demonstrated that the 
three-frequency (300, 1000, and 2000 cps) average hearing loss for the deaf 
Ss was 80*00 dB (ASA). The second sample consisted of eighteen randomly selected 
young col lege deef students* 

C* instrumentation and Test Environment* 

A modification to the standard Bekesy automatic audiometer (E-600) was 
made In order to use the equipment tor a combination of Routine Bekesy thresh- 
old tracing and the MAB threshold tracing tasks* This modified equipment was 
manufactured to specif Icatlon by the Grason-Stadler Ocmpeny and consisted of a 
continuously variable timer cellbratsd In Increments of one second. Detailed 
Information concerning the design of this equipment may be obtained through 
the Grason-Stadler Company* 

Of Importance to the present experiment was the utilisation of this timer 
mechanism which would allow a single p**ss of the response switch (RS) by the 
S to drive the attenuator motor in the opposite direction for a preselected 
period of time (variable up to 60 seconds) then automatically reverse Itself 
until depressed again* This modification was Incorporated In the overall eqylp- 
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mewt design at Illustrated In Figure 13, In order to simplify the existing 
threshold tree I ^ task (Soutine Bekesy) which requires the $ to depress the 
R3 as soon as the auditory stimulus Just barely reaches threshold end keep It 
depressed until the stimulus Just barely disappears. 

In the new auditory threshold treeing task (referred to as the Modified 
Ascending Beheey or MAB) the S merely learns to depress the R$ each time the 
auditory stimulus Just barely reaches threshold. It was hoped that this 
technique would simplify the learning task sufficiently to make the test 
applicable to very young children. 

All hearing Se were tested In an I AC Series 400 sound room with the 
eudiomete r In a separ a t e control room. The deaf Se were tested In the same 
sound room. However, both the S and equi p me nt were pieced In the same room. 

The large sample of threshold trials necessary for each of the combined 
techniques of Routine Be h s sy and MAS and the length of time necessary for 
their completion on each S were' the reasons for placing the equipment, 
examiner and S In the same room. It was felt that closer co nt a ct with the 
emsmlner throughout the testing would keep the S more alert. Isolation from 
the equipment which precluded the E v s being In the same room with the hearing 
S was necessary because of equipme nt noise. 

D. Procedures. 

After being seated In the test room, the S was given a full explanation 
of the task at hand. Hts part In establishing norms for a new testing 
technique which It Is hoped will be utilized eventually In testing very young 
deaf children was explained. This was done In order to help stress the Im- 
portance of accurate participation. 

I. Routine Bekesy. The Instructions for Routine Bekesy remained the 
same for all £s and were as follows: 

In a few minutes you will hear a pulsing sound In your __ 
ear (the test ear was the better ear as established by the method 
of limits prior to tasting utilizing the modified Hughaon-Mestlake 
technique). Your task will t» to adjust the st r ength of this 
sound so that It wl 1 1 become softer and fade away. You can do 
this by pushing this switch. Tha Instant It fades away, you will 
release the switch until you can hear the sound again. As soon 
as you hear the sound again, press the switch so the sound will 
begin to fade away. It Is Important that tha Instant you do not 
hear the sound you release the switch so that the sound will 
become st r onger. As soon as you hear the sound, adjust It as 
1 have Just Instructed you. Are there any questions? 

After the routine Bekesy E-800 calibration, and as soon as the S Indicated 
that he understood the Inetructlons, the following procedures were carried 
out: 

a) with S co mf ortably s eat e d with his arms on the ana-rests of tha 
chair, the air-conduct Ion receiver (TOH-39 earphones end MK-4I/AR cushions) 
was placed over his better ear; 



* 






TIMM 



•KRKfT 1100 



ATTtNUftrOft 



•w 



Pig. is. Block diagram of agutpmnh* u+lllaad In Exparlmanta l-VIII. 




: * • ' 



. Vt\ 



■M 

-r 1 ® 



I. 



TtR 

« 



* <" •' ,v;.. %y\' l . 



, > *• , t'INjfc- W 

V ,V V 



Jin4- %>wr& :: mk. hum? ■ 

, v ... . ••• - ■ ■'•'■■■■•• 




* ■ 



' y : ■%. ■ SfAiy v ,; . . V,. *.\ ' 1 

1 : Ills . ... 



! .. .'V ;« 



Iviv': 



ici 



-89- 

8) the mponM twitch CRS) was placid In tha writing hand of tha S; 

c) presentation of tha stimulus: 1) tha Bekeey audiometer was sat to 
present a f Ixad frequency of either 900# 1008# or 2000 cps to the better ear 
of the $ (ae determined aarllar by tha method of limits) and tha Input as* actor 
switch was plaoad In tha "STIM. CAL." position; 2) tha chart table was turned 
to tha ful I -right position In preparation for drawing a graphic representation 
of auditory threshold from left to right; 3) tha electronic switch was placed 
In tha "pulsed" position; 4) tha 20 dB pad was switched to tha plus position 
for tha deaf Ss as warranted by tha amount of hearing loss for tha fnqusncy 
being tested; either tha "pad-out" or the minus 20 dB position was used for tha 
normal hearing Ss; 3) tha pan was adjusted to tha graph paper to an arbitrary 
subthreshold level; 

d) check for S’s understanding of the task: II the audiometer was turned 

to tha "Power On" position and S was allowed to trace his auditory threshold ^ 

for tan practice presses and tan releases; relatively equal awcurslon width demon- 
strated whan tha task was understood; after this each S was allowed to Trace 
threshold for ten mors consecutive trials of tan presses and tan releases; if 
Indications were that 8 did not understand the task, he was reinstructed and. 
given another practice trial; this procedure was continued until S demonstrated 
that he understood the task; 2) after each trial of ten presses and tan releases 
(without Interruption of the stimulus), the examiner (E) returned the pen to an 
arbitrary subthreshold level and allowed S to continue tracing his auditory 
threshold for a total of 100 threshold trials at each of three frequencies; 

e) cross-frequency generalisation: without Interruption except for prep- 
aration, tha same procedure as In d was used to test the other two frequencies; 
each frequency occurred twice In each position for the deaf Ss; specifically, 
the pattern was: 312, 521, 132, 123, 215, and 231; the same order of presenta- 
tion was carried out with the six hearing Ss; 

2. Modified Ascending Bekasv (MAS) . Each S was given a fifteen minute 
break period after completing the control routine Bekeey threshold tracing task. 
During this period, the audiometer was recalibrated In preparation for testing 
auditory thresholds by tha MAB technique. Before carrying out tha test pro- 
cedures In the same manner as mentioned above, the following Instructions were 
given to each S: 

In a few minutes, you will be hearing the same pulsing sounds 
In the same aar as before. Your task will be slightly different 
this time. You must remember to press the button the Insteyt you 
hear the sound. It Is not necessary for you to keep the button 
depressed because the sound will go away by Itself after you have 
pushed the button. However, be ready to push the button again the 
Instant tha sound returns. Are there any questions! 

The same fraquancy pattern was utilized for both the routine Bekesy and 
tha MAB threshold tracing teaks. A six-second tone deterioration time was sat 
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oet the automatic timer* This time Interval was utilized because previous ^ 
runs on several practice $a Indicated that during the Initial part of tharaat 
period, tha S did not always activate tha RS aa toon as he began to haar tha 
tons. Thus, with Ml tar time Intervals, tha tona did not aliwysdlaappeer 
completely* This problem made for confusion In looming on the S a port. 

With tha six sacond tlaa Interval, this problaa did not occur since tha 
attanuatlon rata was 2.9 dB par sacond} tha amount of attenuation following 
each press of tha response switch was 19 dB* 

Apart from any difference mentioned above, the test procedures remained 
tha sm as those utilized durtvv tha routine Bakssy threshold tracing task* 

Tha twelve Ss Included In the first sample continued to listen to each * tone 
until a total of 100 threshold trials ware completed In 10 series of 10 trials 
each; the IB Ss In tha second sample traced only 20 thresholds by each technique* 

£• Results and Discussion* 

Auditory thresholds determined by the ascending technique have consistently 
been less sensitive than when measured by the descending technique (Hirsh, 1992# • 
Thus It was anticipated In this experiment that the MAB technique would yield 
a slightly less sensitive threshold then the threshold bracketing technique 
used In routine Bekesy audiometry* 

In order to gather e relatively large number of threshold trials on each 
$, only six deaf and six hearing Ss ware Included In the first part of this 
experiment designed to produce baseline date* 

Data on the sample of twelve will be presented first* These will ,be 
followed with the results of the performance by the eighteen young deaf college 
students* 

Table 7*1 summarizes the means and standard deviations of the threshold 
measures derived from the performance of deaf and hearing Ss on the MAB and 
routlna Bakssy tests* 

Table 7* I* Means and Standard Deviations 
Of the Bekesy and MABT Threshold Measures., 

(dB relative to *0002 dynes/cm?) 
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Gac h S contributing to data presented In Tibia 7.1 performed 100 threshold 
trials tor each of the two measuremen t procedures. On# pair of thresholds from 
each of tan tan-trfal aeries was Selected for purposes of comparing the perform- 
anca of tha deaf by fraquancy and tha perfornmnce of tha hearing by frequency. 
Tha dlffaranca acora was used aa tha observation. 

Tabla 7.2 summarizes tha results of tha Friedman two-way analysis of 
variation which was uaad to determine whether dr not tha daaf and hearing Ss 
parformad differently on tha thraa fraquanclaa 'tested, 500, 1000, and 2000 cps. 

4 A •• , , A ' * ' ■ ■ .... 

Tabla 7.2. Summary of Fr ledmen Two-Way 
Analyala of Variance with Daaf aid Hearing Sa 
on Routine Behesy and NAB 



1 . j 

Group 


| Obtjlnad 


Raqulrad 
A r .05 




Daaf 


4.49 


| 

6.33 


NS 


J Hnrln, 


3.15 


6.33 


NS 


I Both 


0.11 


5.99 1 


1 NS 1 



Tha f tndlnga Indicated that performance from ona taat to tha othar did not vary 
with fraquancy for althar or both tha daaf and tha haarlng. Thaaa data daman 
atratad a consistency In performance by method? that Is, tha dlffaranca between 
acoraa did not systamatlcaf ly vary undar ona fraquancy as oontrastad with another. 

, ■ ■ ■ r i 

As a rasuft of laarntng that a ratattvaly cons I stint dlffaranca In tha 
thraahold maasuras existed In farms of a morn sansltlva thraahold by routlna 
Bekesy than MSB, It was of tntaraat to fast .. w hithiP or not this dlffaranca 
was of a statistically significant magnitude. Tha Bllcowon Hrhched-Rrlrs 
Signed-Ranks Taat CSIagal, 1956) mss used to .Jest tha hypothasls that tha 
routlna Bekesy thraahold was mors sansltlva than tigt of the IhB. A suwrnry 
of tha one-tailed fasts Is praaantad In Tabla 7.3. At aach of tha fast 
fraquanclaa, 500, 1000, and 2000 cps,a statistically significant dlffaranca 
ocpurrad. 



Tabla 7.3. Summary of Wtlcowon Hit ch ed - flslrs 
Signed-Ranks Test B a tw aa n Routine 
Bahssy and NAB Auditory Thresholds 
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1000 


14 


10 


<.0I 


2000 


14 - 
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<.009 
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The average difference betwee n the two threshold ca esuras bund won thp date 
derived from the three frequencies wet 3.0 4B, The In 

Table 7.3 Indicated that this d iff arence was sign If leant if eadh frequency 
In the predicted d traction. 

fha MAB technique das designed at an aiteme+e procedure to routine 
Behesy In tha event a child ms unsuccessful m'ThtaiTfif* It ms of Interest, 
therefore, to cqmpute a regression equation frtgSl fM** Tha 

rseultlng Sections art s u mma r ized In Table 7.4 try fr&encfes and as an aquation 
for tha pqoM mta. Silica no difference existed bstms n ftequeiiclee tha 
aquation determined on tha hails of tha pool ad data can be usad In predicting 
Iron MSB to routine Bakaay and from routine to MAB w hene ve r pure tones of 
300, 1000, and 2000 cps are usad as stimuli* 

Tab la 7*4. Regression Equations Related 
to Routine Bekesy and MSB Threshold Date 



; 

900 


1 X' - 1 .05Y - 4.87 


(cps) ”j 


1 Y* - .99X ♦ 9.08 


1000 


X' • .97Y + .88 1 


(ops) 


Y* • I.Q2X ♦ i.ao 1 


2000 


X* • I.OSY - 9.9 


(cps) 


Y* • I.08K «■ .93 . ' 


1 Pooled 


X' • I.02Y - 4.06 


I .Oeta 


v* - 1 .oox ♦ : 2.79 **:. ■: : ^ 




Tha aecond sample usad In this smperlmsnt consisted of eighteen deaf 
col lege students. Each subject contributed to the data a total of ten 
thresholds by each technique. Table ?.$ shows ths means and standard deviations 
of their performan ce at each of the three frequencies tested. The differences 
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Table 7.8. Summary of the Estimates of 
Thresholds f rcm Bekesy (nel8) 



V • I.00K ♦ 2.79 


I X (Routine) 


V (MAB) 


-Y (Actual) 


I 92.9 


99.6 


96.7 


99.0 


101.8 


1(0.0 


93.6 

\ 


1 

98.4 i 

t , 


1 100. 1 

A 



taken as an observation to use la th# computation of the predicted value. 
Tables 7,7 and 7.8 Illustrate the similarity of parformanca undar the two 
methods and the score predicted from the regression aquations. 



F. Su mmary, 



The present experiment was undertaken to establish data c once rn I ng dsr 1 va- 
tlon of auditory thresholds by a psychophysical method of adjustment utilizing 
a modif ication to some existing Bekesy (E-800) equipment. The Ss included In 
this experiment ware six hearing and six deaf adults each of whom 
a sample of 100 thresholds by each technique; In addition, eighteen young aduiT 
deafSa each contributed twenty threshold trials for each technique for purposes 
of comparison with the original baseline data. 



The differences bet w een thresholds derived by two techniques, r «^ , ne A 
Bekesy and MAB (Modified Ascending Bekesy) for the three frequencies of 300, 
1000, and 2000 cps were examined. The data Indicated that for all frequencies 
absolute thresholds derived by routine Bekesy ware apprextmetajy S ; 4JB 
better than those derived by the MAB technique. A camper l^batwaanthe 
performance of hearing and deaf 8s Indicated no statistical differences. 



The results of this taper tment clear . 
ecu Id be used to achieve auditory thresholds and 
VIII which was designed to determine the minimum 
of the technique on the part of hearing 



I nd leafed that the MAB technique 



therefore led to 
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EXPERIMENT NUMBER ¥111 



A. Purpose. 

Ill# print experiment sought to determine tho minimum chronologlil *9* 

(CA) st which tho MAB technique is likely to ho adeqite for obtaining occurs to 
auditory thresholds at 1000 cps. In addition, o teat of generalization froi 
tracing auditory thresholds at a fixed frequency C 1000 cps) to a continuously 
variable frequency renglng from 400 to 6000 cps was Included. 

For this experiment, IT-B was the choice of the two techniques studied 
for delivering the nonverbal Instructions since, as Experiment ¥1 Indicated, 

It lowered by one year the minimum CA at which accurate ¥-T and auditory 
thresholds could be obtained. 

The dependent and Independent varlabli as ill as the methods for their 
control were the same as those in Experiment ¥11. 

B. Subjects. 

A total of 35 dif and hard ot hiring children were iteeted for t his 
experiment. Thei children did not have previous knowledge of the MAB automatic 
audiometric technique. All of the children were between the chronological 
agi of 6-5 and 2-6 yirs. Ten children at ich of the chronological age levels 
of 6 (5 yrs* - 6 mi. to 6 yrs. - 5 ms.), 5 (4 yrs. - 6 mi. to 5 yrs. - 5 mi.) 
and 4 C3 yrs. - 6 mi. to 4 yrs. - 5 mi.) yirs were utilized. Five children 
at the 3 year chronological age level (2 yrs. - 6 mi. to 3 yrs. - 5 mi.) were 
utilized. All of the children were students In the preschool program for dif 
and hard of hiring at the Gal laudet Col lege Hiring and Speech Center. The 
children were all familiar with the experimenter to some extent and demonstrated 
no particular apprehension of the test situation. 



C. Instrumentation and Test Environment. 



The same modtf I cat I on of the Standard GS E-800 automatic audiometer 
utl Used In Department ¥11 to Introduce the MAB (Tit $1) technique is used 
In this experiment (Si Ekperiment ¥11 for Instrument dilgn). This modif i- 
cation Included the insertion of an automatic timer mechanism which would 
allow a single pns of the responi switch (RSI by the S to drive the attenu- 
ator motor in the oppiite direction for a preselected period of time (vari- 
able up to 60 seconds) thi automatical ly revsri Iteetf untl I depnsed again. 
This mod I flit Ion is Incorporated In the overall equi pment dilgn In order 
to simplify the threshold trilng task for children.: 



as In Experiment ¥11, the Sa were tested In an IAC 400 sound row. 
However, during the present experiment, the Ss were In the same room with the 




Examiner ( Elt since amount of hiring lie precluded the 
set-up*^ The children ware seated at >e standard sehoeldaskenrf . .... 

from the GS E-600 equipment by insertion of a screen between the equipment 
and the dik. However, the test equipment and the dik were In eld enough 
proximity to permit the E to be in c lope contact with both the S and the 
equipment. The RS was a standard Rudmoi RS and is attached to the school 
desk with adhifve tape (Si Figure 7, page 
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D. Procedures* 

- 1* Procedure to Establish Conditioning to a V f Protect Ha (V-T) Stimulus* 
The fol lowing procedures were used to establish conditioning to the V-V sTimuius: 

•) after S was comfortably seated at a standard childrens school da ak 
to which tha response switch (RS) was attached with adhaslva taps, tha bona 
conduction transducer was placed on tha thumb of tha hand opposite to that used 
for writing; the elastic tape was drawn around tha transducer. Its spring-plate 
modification, and tha $*s thumb with sufficient tightness to "Just barely de- 
press 11 tha spring completely; 

b) tha E-600 pan was set at tha predetermined position of 60 dB (nominal 
SPL) on tha graph paper with tha 20 dB pad In the plus position In preparation 
for delivering manually a high Intensity 500 cps V-T stimulus through the bone 
conduction transducer; 



c) V-T testing: 1) the V-T stimulus was presented to the $ by manually 

switching the Electronic Switch from the "Alternate On" position to the 
"Stimulus On" position; 2) the duration of the V-T stimulus was varied in 
order to aid the S In grasping the concept that no matter how long the stimulus 
was present, he was to press the RS as soon as the stimulus was felt, but 
release the RS Immediately after the press even though the stimulus might still 
be present; 3) as soon as the tone delivery began, the E then manually 
switched the Electronic Switch back to the "Alternate On" position thus re- 
moving the stimulus; 4) after this procedure Wee carried out for five con- 
secutive stimuli, the S was allowed to depress the RS by himself for five more 
consecutive stimuli; 5) If at this time the S demonstrated that he did not 
understand the preconditioning test procedures, the entire procedure was re- 
peated a second time; 



d) at the termination of Step c, testing for conditioning was carried 
out In the following manner: 1) the timer mechanism was set for a 6 second 

attenuation time (approximately 15 dB) with Master Modification Renal pre- 
pared for V-T threshold tracing utilising the MAB technique as described In 
Experiment VI 1, the pen was returned to an arbitrary subthreshold level, the 
chart table was returned^^^^ position and the audiometer pen was 

depressed onto the graph paper; $ was then allowed to trace his V-T threshold 
for five consecutive trial* or for •• many consecutive trie 1% as were necessary 
until S traced thresholds for two consecutive trials whose mean thresholds 
did not differ by more than 10 dB; 2) after each trial of ten presses (with- 
out Interruption of the stimulus), £ r^ to an arbitrary sub- 

threshold level and at lowed $ to contl nue tree Ing h f s own V-T threshold; E 
reinforced correct responses on the part of the $ by nodding approval and/or 
short applause; E always remained passive and non-committal when no response 
or an Improper response was made; 



e) criterion was satisfied If, by observation, the mean thresholds of 
the final two trials appeeired to be within 10 dB of each other and excursion 
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sln and evenness of threshold tracing Indict tad that S understood tha task at 
hand) preparations vara mad# to test for cross-modality generalisation to an 
auditory stimulus with only a short Interruption for preparation; 

f) If S appeared to have failed to satisfy criterion, a ten minute 
break urns allowed before repeating Steps c and d above; however, during this 
second conditioning attempt, tha S was allowed to trace his V-T threshold 

for ten con s ecutive trials or for as many consecutive trials as were necessary 
until S traced thresholds for two consecutive trials whose mean thresholds did 
not differ by more than IQ dB; 

g) those Ss who appeared to have satisfied criterion after this second 
conditioning att empt were prepared to continue with tha cross m od a lity general- 
ization task with only a short Interruption for preparation; 

h) those who still failed to satisfy criterion were allowed another 
ten minute break; each of these Ss was given a chance to attempt the cross- 
modality generalization task to an auditory stimulus In exactly tha same 
manner as those who did satisfy criterion (refer to "Procedures for Generaliza- 
tion to Auditory Stimuli" below for procedures); 

I) If the S failed the cross-modality generalization task, ha was than 
eliminated from the experiment; however. If he passed tha generalization task, 
he wes then allowed another attempt to satisfy the V-T conditioning criterion 
using the same procedures listed above In Step c; If this attempt to establish 
V-T conditioning failed, the S wes then classified as a failure* 

2. Procedures for Generalization to Auditory Stimuli. Following satis- 
factory completion oTthe v-t task, cross-modality generalization to an auditory 
stimulus was tested on each $. Tha procedures were as follows: 

a) tha oscillator with Its spring-plate modification was removed from 
the S*s thumb after the tactile conditioning procedure had bean completed, 
and tha Bekesy unit recalibrated In preparation for the auditory threshold 
tracing task; 

b) tha earphones were placed on the $; 

c) presentation of tha stimulus: 1) tha Bekesy audiometer was sat to 

present a fixed frequency of 1000 cps to the better eer of tha S; the Input 
selector switch was placed In the "STM. CAL" position; 2) the modification 
timing device was set for a 5 second attenuation time; 3) the chart table 
was turned to full-right position In preparation for drawing a graphic repre- 
sentation of auditory threshold from left to right; 4) the Electronic Switch 
was placed In the "pulsed" position; 5) the 20 dB pad was switched to the 
"plus" position; 6) tha pen was adjusted on the graph paper to an arbitrary 
aubthreshold level ; 

d) the hand of tha $ was placed near tha R$ which wes still taped to 
the desk (same hand used for V^T conditioning procedure); 
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•) testing tor generalization: I) without Instructions, the audiometer 

was turned to tha "Rower On" position and the S was allowad to traca his auditory 
threshold for tan consacutlva trials or for as many oonsacutlva trials as wars 
naoassary until tha S tracad thrasholds for two oonsacutlva trials whoss msan 
thresholds did not dlffar by mora than 10 dB; this procedure was carried out 
without any Instructional gestures, etc., from tha E; 2) after each trial 
of tan presses and tan releases (without Interruption of tha stimulus), E 
returned tha pan to an arbitrary subthreshold level and allowad S to continue 
tracing his auditory threshold; 

f) criterion for generalization: 1) the msan threshold of two success- 

ive ten-crossing trials for each frequency must not differ by more than 10 dB; 

2) failure to meet criterion: 2a) If criterion was not satisfied In ten 
consecutive trials at 1000 cps, tha procedure to establish conditioning to a 
V-T stimulus outlined above In Step c was repeated followed by a second attempt 
at satisfying the cross-modality generalization task; 2b) If criterion was 
satisfied during the second attempt at the cross-modality generalization task 
(two consecutive trials of ten presses and ten releases at 1000 cps whose msan 
thresholds ware within 10 dB) testing was finished and the S was considered 
to have passed; 2c) the S was considered to have fal led the task and was 
classified as a failure for statistical purposes If, during the second attempt 
to trace hi s auditory thresholds, there ware not two consecutive trials the 
means of which were within 10 dB. 

3# Derivation of Auditory Thresholds Utilizing Sweep-Frequency Audiometry 
and the MAB Technique. Upon successful completion of the cross- mo d ality general- 
ization task at looO cps utilizing tha MAB technique, an att e m pt to establish 
auditory thresholds at octave and half-octave Intervals from 900 to 6000 cps 
was accomplished In the following manner: 

a) handset ‘was removed from the S and he was given a ten minute 
break-period; the E-800 was not recalibrated before performing this procedure 
so that any slight changes In calibration occurring during the performance of 
the previous procedure outlined above would also be present during the per- 
formance of the present procedure; 

b) the S was again seated In position; the E-800 head s e t was placed In 
position with the tone receiver on the same ear as that tested previously; 

c) preliminary audiometer adjustments: 1) the E-800 pen was set at 

an arbitrary subthreshold position with the 20 dB pad In tha plus position; 

2) the E-800 chart table and oscillator were synchronized In preparation for 
performing a sweep of the fr e quency range from 400 to 6000 cps; 3) the 
five second attenuation time was maintained on the modification timing device, 
and the Modification Master fane! prepared for auditory testing by utilizing 
the MAB technique (see Experiment VI 1); 4) the chart table was turned to 
approKlmately 400 cps; 9) tha electronic switch was mdlntelned In the "pulsed 11 
position with the standard 2.9 attenuation rate; 



d) check for $ f s understanding of the task: 1) tha audiometer was turned 
to the "Power-On" position and S was allowed to trace his auditory threshold 
for ten presses without depressing the pen on the chart table; If at this 






» 
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tlme the S demonstrated thet ha understood the task, the chart table was returned 
to approximately 400 cps, the pen was depressed on the chart table, and the S 
was ml lowed to trace hts auditory threshold from 400 to 6000 cps; 2) If S did 
not dmonstrate an understanding of the task (even though he satisfied criterion 
for 1000 cps auditory stimulus previously), the earphones were removed, and the 
test session was considered complete. Me was considered a fallura only If he 
failed to satisfy criteria for the V-T conditioning or the cross-modality 
generalization tasks. 

E. Results and Discussion. 

1. Attenuation Time. During a pilot study prior to Experiment VII It 
was determined that an attenuation time of six seconds on the new timing modi- 
fication to the G$ E-800 was adequate to a I low the V-T stimulus to become 
Imperceptable to the S after the RS hed been pressed. This was found to be 
true even In cases where reaction to the stimulus tended to be slow. However, 

It was d e e m e d desirable to shorten the time for the auditory task since It 
reduced the test administration time and theoretical ly helped the S to remain 
attentive. Therefore, during Experiment VI 11 a five second attenuation time 
was utilized for the administration of the auditory generalization task and was 
found to be sufficient time to attenuate adequately the stimulus to a sub- 
threshold level before reversal of direction of the attenuator. The two 
attenuation times, therefore, utilized during the present experiment were six 
seconds for the V-T conditioning task and five seconds for the auditory general- 
ization task. These findings suggested that once the task ms learned for 
tracing tactile thresholds the necessity for on attenuation time of six seconds 
(15 dB) was no longer necessary because the S became aware of the need for 
rapid response to a stimulus. 

2. Percent Success with Three Instructional Methods. During the total 
project, three methods of instruction were employed in an~ *ffort to standardize 
nonverbal Instructional techniques tor conditioning hearing Impaired children 
to perform an auditory threshold tracing task. 

Table 8.1 summarizes the results of V-T performance of young children. 

As shown In Table 8.1, 1T-A with children as young as six years of age resulted 
In 50$ or more success In ten successive Ss at that age level; however, IT^A 
resulted In five year old children not meeting the 505 success criterion. As 

Table 8.1. Percent Success of Young Children 
with Three V-T Nonverbal Instructional Techniques 

(n-85> 
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Technique 
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AGE 
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90 


40 I 
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V-T 1 
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90 j 
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IT-0 
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n*!0 


n« to 




V-T ’ \ 


100 


100 


90 


60 


IT-C 1 


1 n»IO 


n»IO 


nwlO 


if5 



• 100 ' 



shown In Tshls 8.1, ths IT-0 was offset I vs with four yssr olds. In the 
present experiment ths performance of thrs# yssr olds demonstrated the sffsetr 
nsss of 11^5 in which csss 60# of ths children st thst age Isvsl mat criterion 



In this study, V-T performance hss hssn s mssns to in snd, which In this 
csss was ths treeing of ona r s auditory thrsshold. Hons of ths Ss who fallsd 
ths V-T traelno task was abls to succeed on ths auditory task; yst, naer y 
1001 of thoss who succeeded In ths V-T task also mat crltsrlon successfully 
In ths auditory thrsshold msasurss. Table 8.2 presents ths percent success 
at each age level by each V-T conditioning method. Ths figure above In each 

cell Indicates ths number of Ss who succeeded with ths V-T stimulus; the 

figure below In each cell Indicates the percentage of that number that succeeded 
In the auditory threshold msasurss. 

Table 8.2. Percent Success of Children 
for Auditory Genera I list I on 



1 Technique 


ABE 

6 5 4.3 


IT-A 


9- 

100 
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100 
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IT-8 


10 

100 


9 

100 


3 

60 
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IT-C 


10 

100 


10 

90 


9 

78 


67 j 



• Figure above In each cell Indicates number of children 
who satisfied V-T conditioning criterion; figure below 
Indicates percent of thst number satisfying the auditory 
general Uatton criterion. 



As shown In Table 8.2, auditory genera Illation followed success on the 
V-T task In all ex c e p t six cases; one five-year-old In 1T-C, two four-year-olds 
In IT-#, two four-year-olds In IT-C, and one three-year-old In IT*C. 8y 
comparison of percent suocess It was apparent that 1T-C was as effective 
as the other two methods at the older levels of five and six; IT-C tended to 
be more effective at ages four and three than either IT-A or IT-8. 



3. Trials to Criterion. Percent of success on ths specific V-T and 
auditory task V^r e s antd 'fr afontf fat lye measure of the relative affectlvenesi 
of th. v.rlo». jn.truglg.1 t#chnlqu... A o* th. Mnd 

of performance represented by each age group was reflected In the required 
nosber of trial* to criterion In each of the threshold task*. 
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TabU 6.3. Maan Number of Trials to 
Criterion In Thraa Instructional Tactinlquas 
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j Techniques 
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AGE 

3 4 
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AUD 
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IT-C 


VT 
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1 3.0 
! 2.6 


2.3 1 


2*3 




AUD 


2;o ! 


2.6 ! 

1 ’ 


I 2*3 



wore within 10 dB; this was tha Sana for 1T-A and 1T-B. Inspection of” 

TabU 8.3 reveals that at all agas tha maan par f omsnca of Ss In Experiment 
VI 11 (IT-C) equalled or ballad that of tha othar techniques; this hald for 
both vlbrotactlla and auditory stimuli. Thass findings damonstratad that 
IT-C was an affactlva procedure for laarnlng how to trace vlbrotactlla thresh- 
old In young children. Tha ready ganarallzatlon to auditory tracing of thresh- 
old was also apparent from tha statistical summary of trials to criterion 
shown In Table 8.3. 

4. General list I on from fixed to Variable Frequency Auditory Thresholds. 
For those Ss who ware successful In the crossHeodfJlty generalisation (from 
touch to sound) In this experiment utilising the MAS technique, a test of 
auditory frequency ganarallzatlon was made. Following a tan minute rest 
period after tha completion of fixed frequency auditory threshold tracing at 
1000 cps, an attmspt was made to establish auditory thresholds for a contin- 
uously variable frequency auditory stimulus sweeping from 400 cps to 8000 cps* 

Thirty-five chlldran served as Ss In this aMparlmsnti three did not learn 
tha V-T conditioning procedure, and an additional four Ss failed to generalize 
to the auditory stimulus following s u ccess with tha V-T stimulus* Thus, a 
total of 28 Ss ware administered the variable frequency auditory teat* Table 
8*4 presents the maan thresholds of each age group on each of the two pro- 
cedures. The threshold at 1000 cps was taken as the comparison frequency 
be t wee n the two measurement procedures. As Illustrated In Table 8.4 tha 

Table 8*4. Summary of Maan Thresholds (1000 cps) 

Obtained by Fixed and Variable Frequency Audiometry 
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dlfference between the msecs for the total group was only 1.0 dB which la of 
no known clinical significance and la evidence varlfylng that tha Sa not only 
generalized from a alngta frequency auditory stimulus but alao ganarallzad to 
a variable fraquancy auditory atlnulua and. In addition, likely traced thresh- 
old acroaa the frequency range of 400 epa to 6000 epa aa suggested by the 
comparison at 1000 epa. 

During tha conduct of thla experiment, aa wall aa In tome prevtoua experi- 
mental there waa an. awareness on the port of the E that there ware soma 
pertinent characteristics concerning those Ss who failed to satisfy criteria 
for any of the tasks. Generally, those children who failed the criterion tasks 
wore negative In attitude In the classroom and ware reluctant to follow 
directions In the structured situation. Other failures came from among those 
children who had relatively short attention spans. Thus, It was the opinion 
of the E that In many casas the fal lure to satisfy criteria for tha threshold 
tracing tasks was In greet part due to negative attitude and attention span 
rather than an Inability to comprehend the task at hand. It Is possible that 
types of reinforcement, other than social, might be more effective In such 
children. 

F. Summary . 

The present experiment was an attempt to evaluate a new method of deriving 
auditory thresholds on young deaf children by a modified psychophysical mefhod 
of adjustment (MAB) Incorporating a new nonverbal Instructional technique, IT-C. 
A comparison of the present technique was made with two previously evaluated 
Instructional methods, IT-A and IT-B. 

The results indicated that with IT-C (MAB) it was possible to obtain 
accurate auditory thresholds on deaf chi Idren at a younger CA than with methods 
IT-A and IT-B. Of tha two methods for obtaining auditory thresholds by the 
technique of routine Bekesy, IT-B appeared to be the quicker and easier mefhod 
learned. All three methods appeared to be valid methods of obtaining auditory 
thresholds on young deaf chl Idren. 

Therefore, IT-B, as opposed to IT-A, appeared to be the better nonverbe 1 
Instructional mode for Introducing a test technique that would result In ob- 
taining both auditory threshold and diagnostic Information (routine Bekesy). 

The MAB technique, which was learned as rapidly an IT** In routine Bekesy, 
proved to be a good alternative method for obtaining auditory thresholds from 
those children who could not learn the more difficult auditory threshold tracing 
task with IT-B. 

... • - • • s . I 

Cross-frequency generalisation was tested In this experiment and the 
results tnd tested that this was the rule after fixed-frequency auditory thresh- 
olds were traced by children. 
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9UM4ARY AND CONCLUSIONS 



A. Background. 

The standard procedures for measuring tha hearing of adults have, In 
largo measure, required knout edge of verbal language. In addition, fasts 
have been standard Izad In young adult populations. Although It has bssn 
demonstrated that chlldran can raspond at similar levels of auditory sensl- 
tlvlty as young adults, tha problssi of Instructing a child to perform Is 
frequently a serious one; particularly If that child has a communication 
disorder. Measureme nt of haarlng utilising a pure tons auditory stimulus 
Is a nonverbal test of haarlng; yet, tha Instructions for participating 
properly In a routine or special test utilizing pure tones are Invariably 
verbal. Play audiometry, operant conditioning audiometry and electrophysio- „ 
logic procedures are notable sNceptlons. 

A clinical approach to a nonverbal Instructional technique In preparation 
for a pure tone auditory test mbs uorked out by one of us (ORFh In this 
procedure, a vlbrotactlle stimulus delivered via tha bone conduction transducer 
Included In conventional audi o meters mss used to condition children to respond; 
thereafter when an auditory signal mss used, ft mss found that children con- 
tinued responding as they had done when the vlbrotactlle stimulus mss pre- 
sented. Generalization from a vlbrotactlle stimulus to an auditory stimulus 
appeared to be the rule. 

A clinical and research pure tone test that has been of demonstrated 
value In adults during tha past several years has been the Bekesy audlomstrlc 
procedure. The Grason-Stadler E-600 audiometer. In wide use today. Is a 
precision Instrument that provides for careful definition of a stimulus and 
its control. This instrument, therefore, mbs selected as the basic stimulus 
generator for use in the present project ehlch mbs an attempt to bring the 
clinical application of the vlbrotactlle conditioning technique Mlth children 
together Mlth Instrumentation that has bean of such usefulness In adults. 

Tha plan of the present project mss to develop vlbrotactlle conditioning 
procedures that could be used as nonverbal instructional techniques in the 
administration of Bekesy audiometry. If proved to be a valid procedure, this 
could provide a standardised means for measuring the hearing of young children 
Mlth communication disorders. An accurate assessment of auditory thresholds 
at an early age In chlldran Mlth communication disorders can supply Important 
Information required for early and appropriate program planning. This type 
of procedure could also contribute to more precise longitudinal studies of 
the hsarlv^ of children uhen test-retest data are gathered over a period of 
years, particularly* since careful stimulus control is possible and the Im- 
portant fact that SMamtner Influence In threshold Is practically eliminated. 

B. Objectives. 

The general objectives of the present study vers to standardize a non- 
verbal Instructional procedure for use in the administration of conventional 
Bekesy audiometry uSUt children Mho have auditory Imps I rmant, and to develop 
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an alternate teat of haarlng that alao at I Maas a nonverbeMoetructlonel 
technique. Tha data gathered la approaching thaaa object I vee ware expected 
to provide lafomatlon ralatlng to questtone of tha following typo. 

What davloa would ba eatlafecirory for controlling tha prasaura 
of tha V-T atlMulator and alao allow aaay attachment to tooth 
adulta and children? 

What position on tha hand would toa aatlafactory for placanant 
of tha V-T atlmulua (Radloaar B-70A toona conduction cacti latorlf 

What nonverbal V-T Inatructlona land to V-T thraahold tracing? 

What ara tha avaroga thraaholda and expected anvalopa alzee for * 
tha V-T atlmulua In adulta? 

Doaa croaaHnodalOty generalization take placa toatwaa n a learned 
V-T tracing taak and an unlearned auditory thraahold tracing 
teak In adulta? 

How do thaaa reaulta compara with tha new ISO refe re nce levels In 
adult Sa with normal hearing and auditory thraaholda obtained by 
conventional audiometry In deaf adulta? 

Ara deaf chi Idren able to understand the nonverbal V-T Inatruc- 
tlona? It ao, can they apply this knowledge to the V-T thraah- 
■ old tracing taak? ••• 



Once having laarnad tha V-T thi k, do deaf 

children general Iza to tracing ’behold* with- 

out further Inatructlona?. 





What la the minimum CA at which deaf children ara capable of 
completing tooth tha V-T and auditory thraahold tracing teekaf 
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Uhet It the minimum CA tor which tht modified equipment end non- 
verbal V-T Instructions srs sppllcshls for dssf children! 

C. Procedure, 

1. Semple. A total of 215 subjects wet used In this project. Hearing 
end deaf adults were used to obtain baseline data concerning the apparatus 

and procedures. Deaf children ranging In age from 12 yrs. - 5 mos. to 2 yrs. - 
6 mos. were used to ascertain the efficacy of the auditory tests with young 
children with deafness. 

2. Apparatus. The basic piece of equipment used In this study was the 
GS MOO Bekesy audiometer. It was used In e variety of ways other then Its 
routine manner. Specif leal ly 9 If was used to generate a vlbrotactlle stimulus, 
to obtain routine fixed frequency auditory thresholds, to obtain vlbrofactl le 
thresholds via routine Bekesy procedures, to obtain Modified Ascending Bekesy 
(MAB) thresholds with both fixed frequency and variable frequency programming, 
and to function as a conventional diagnostic audiometer by simply Inserting a. 
slap attenuator calibrated In 1 dB Increments. 

5. procedure. There were essentially three procedures followed In 
the collection of data. The first, referred to as Instructional Technique A 
or IH In which a vlbrotactlle stimulus was used to allow the S to learn 
the threshold tracing task, consisted of a variable Intensity tone under the 
control of the S via a response switch. The second technique called Instruc- 
tional Technique B or IT-B consisted of a fixed suprathreshold Intensity 
vlbrofactl le conditioning procedure. The third Instructional technique, 1T-C, 
consisted of an ascending method. The project consisted of eight experiments 
designed to lead from one to the next In an attempt to provide Information 
related to the specific objectives of the project. These three methods are 
presented In detail In Appendix A. 

0. Results and Discussion. 

The total pr eject consisted of eight consecutive and related experiments. 
These will be presented and discussed briefly. 

1. Experiment I. Adult hearing and deaf Ss contributed a total of 
2400 vlbrofactl le threshold measurements. The resu lts of their performance 
following verbal Instructions demonstrated the rellabl tlty and validity of 
the adaptation of the experimental B-7QA vlbrotactlle transducer developed 
as a means for delivering a tactile stimulus to adult Ss. The data indicated 
that the point of attachment to the thumb and the 230 gm. weighted spring 
resulted In thresholds approximating those of classic studies concerned with 
tacti le thresholds. This experiment contributed new data Concerning tset I le 
envelope size, or excursion width, as It Is sometimes called In auditory 
measures^ us 1 ng the E-OQGBekesy aud I o m et er. The 2400 observet lone of envelope 
size demonstrated e mean size approximately 2 dB smaller then that of an 
auditory stimulus obtained under similar conditions in which the E-®00 audio- 
meter has been used. These thresholds and’ anvalopa slzes demonstrated the 
feasibi lity of this approach to conditioning for general Itetloh to an auditory 
stimulus end el I ewed the experimenters toproceedtotest thathypotheelsln • 
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2. Experiment II, This experiment was designed to tost the hypothesis 
that crossHRoSs i ity genera 1 Izatton from a learned vlbrotactlle threshold tracing 
procedure to sn auditory threshold tracing performance would occur. Adults 
with reported noma I hearing ware used as $s who ware Instructed through non- 
verbal means to perform the vlbrotacttle threshold treeing task with the MOO. 
After satisfying criterion to the vlbrctactlle stimulus these adult $e general- 
ized to an auditory stimulus without Intervening Instructions. The auditory 
threshold tracing performance of these Ss was compered with the new Inter- - 
national standards In audiometry and were found to be of a similar magnitude 

to the normative data. The f indings of this experiment demonstrated that 
verbal and nonverbal methods of Instruction yielded a statistically equivalent 
vlbrotacttle threshold and envelope site* that croes«modallty generalization 
took place* and that the Ss In fact traced thresholds to vlbrctactlle and 
auditory stimuli. Since the Ss used In this experiment had normal hearing It 
was necessary to replicate the experiment using a sample of young deaf adults; 
this was ths purpose of Experiment ill. 

3. Experiment 111. This experiment was a replication of the preceding 
experiment with the exception that deaf Ss comprised the sample. Whereas 
the new ISO threshold standard served as the control threshold measure In 
the case of norma I -hearing Ss* standard audiometry was the control measure 

In the present experiment utilizing deaf Ss. The results of the vlbrotactlle 
conditioning thresholds were comparable to those obtained In the prior experi- 
ment In this project which Indicated the practicality of the nonverbal V-T 
conditioning procedure and the highly consistent cross-sample threshold tracing 
performance on the part of both deaf and hearing adult Ss. The performance 
of the deaf Ss used In this experiment Indicated a quick and accurate general- 
ization to an auditory stimulus of the type displayed by the previous sample 
of hearing adults. The question of whether or not the deaf Ss traced absolute 
auditory thresholds following generalization from the Y-T stimulus was 
answered In the aff irmative; comparison of the experimental threshold with 
the control auditory threshold resulting from the standard audlometrlc pro- 
cedure demonstrated a threshold equal to the control measure. Vlbrotactlle 
and auditory envelope sizes determined from the performance of this adult 
deaf group were found to be equivalent to those obtained In Experiments 1 and 
11; the mean V-T envelope size was 8 dB* and the mean auditory envelope size 
was 10 dB. 

4. Experiment IV. This experiment essentially was a replication of 
Experiment ilk except +imt twelve and eleven year old children were used as Ss 
rather than adults. In addition* a test of Interfrequency auditory generaliza- 
tion was carried out with the children. It was of Interest to determine 
whether or not the procedures standardized with hearing and deaf adb Its could 
be used with older chi Idren. The performance data collected from the twelve 
and eleven yeaf old groups were compared with those of the adult group in 
Experiment Ilf. Vlbrotactlle thresholds were more sensitive In adults than 

In the two Independent samples of eleven and twelve year olds. The twelves 
learned to trace vlbrotactl le and auditory thresholds as quickly as adults* 
but the elevens required more trials to reach criterion then the adults. 

Having learned the V-T procedure apparently had a positive influence on 
auditory threshold tracing because there v.esno difference between adults and 
eleven and twelve year olds in number ©f trf a 1 s requ lf^^’iiiit :: 'the^ sud Itory 
criterion. The mean difference between the experiments! auditory threshold 
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(Bekesy) and the control threshold IHughson-iestlahe) was slightly mors 
sensitive In the former In adults; this dlrsctlon reversed Itself In ths 
twelves and elevens to a small digram but ths difference, lass than 3 dB, 
was statistically significant In both groups of children when compared with 
the adults but not different from each other. The overall performance of 
the children Indicated that the procedures developed during the first three 
experiments remained effective In obtaining auditory measures In older deaf 
chi Idren eleven and twelve years of age. As mentioned above, a test of 
Interfrequency generalization to auditory stimuli was also completed with 
the twelve and eleven year old groups. It was demonstrated that these 
children did trace auditory frequencies of 300 cps and 4000 cps without Inter- 
vening Instructions following their successful generalization performance 
from the V-T task to that of tracing threshold to an auditory stimulus of 
1000 cps. 



3. Experiment V. This experiment was a replication of Experiment 111 
except that samples of deaf children at various age levels In annual Incre- 
ments served as Ss. The age at which the standardized procedures were no 
longer successful In 50f or more cases at a given age level was sought. It 
was found that the 30# success criterion was met by 10, 9, 8, 7, and 6 year 
old deaf chi ldren; only 40# of the flva year olds (4 yrs. - 6 mos. to 3 yrs. - 
5 mos.) met criterion. The f ive age groups of ten through six were compared 
In the various vlbrotactlle and auditory measures made In this experiment to 
determine effect of CA upon performance. The mean V-T thresholds and auditory 
envelope sizes did not differ significantly among the five age groups In- 
cluded In this experiment; the youngest group performed as well as tha other 
groups on these measures. This finding also held for number of trials re- 
quired to satisfy the V-T criterion. The performance of these five groups 
In the case of auditory stimuli demonstrated similarity from one age group 
to the next. The performance of the groups on the auditory experimental and 
control thresholds and envelope sizes did not differ with age nor did the 
absolute iekesy threshold differ significantly from that of the standard 
measure; this held for the Individual groups as well as the groups combined. 
Thus, Bekesy and Standard (Hughson-Mest lake) audiometry were shown to result 
In stmt lar thresholds In deaf children from 5-1/2 to 10-1/2 years of age. 

The auditory envelope size did not vary with age, and It was of interest to 
find that the present sample mean for envelope size approached 8 dB; approx- 
imately 2 dB waller than that reported in the earlier experiments In this 
and other studies. A comparison of trials to criterion Indicated statistically 
equivalent performance among the five age groups. In summary, the statistical 
analyses of the data gathered in this experiment indicated that age was not 
a significant factor In learning the V-T threshold tracing task. In tracing 
absolute vlbrotactl Is and auditory thresholds,^ In generalizing from one sense 
modality to another, and In the precision with which chi Idren could track 
threshold as revealed In the absolute threshold measure Itself and the size 
of the envelope. 



6. Experiment VI . To this point the V-T stimulus used In the condition* 
I ng procedure was of a var lab le I nfens 1 ty changing at the rate of 2.3 dB/sec. 

A slight alteration was used In this experiment In order to test whether 
chi Idren ybufgeh than six might succeed In general Izlng tor routine Bekesy 
auditory tracings, in place of the variable intensity n onverbal Instructions I 
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technfque (IT-A), a fixed suprathreshold V-T stimulus was used (1T-B). The 
Ss usad In this experiment wars those who fa I lad to meet criterion In tha 
preceding experiment and naw samp las of daaf and hard of hearing suhjacts 
representing tha ago groups of six, f tva and four yaars; tha aetual aga ranga 
was from 6-1/2 to 3-1/2 yaars. Tha rasults tndlcatad that tha savan ratast 
Ss, pravlousiy classad as failures, mat crltarla succassfulty In V-T and 
auditory performance. Of tha naw samp las It was found that tha six and f Iva 
yaar old groups completed V-T and auditory tasks succassfully. Tha 503 pass 
crltarlon was not met by tha fours. However, a faw chlldran batwaan 3-1/2 
and 5-1/2 wara successful In bofrh araes. 

7. Experiment VH . The, purpose of Experiment VII, tha first In Part II, 
was to tost an experiments I modification (to tha 6S £-600 audiometer) daslgnad 
by tha sxper Imenters and furnished by tha Grason-Stad lar Company . It was 
hypothesized at tha outsat-’, of this projact that of soma than unknown aga, young 
chlldran wou ld be unabta to perform tha Bakasy procadura aj It Is prasantly 
constituted even with nonverbal Instructions. Tha Idea of tracing threshold 
by a tracking or bracket Ihg procedure, comp lately controlled via tha response 
switch under tha control of tha S, was assumed to be beyond tha capabilities 
of vary young chlldran; at least with social reinforcement as routinely usad 
In Bakasy audiometry and particularly as applied In tha present research. Tha 
rasults of the first six experiments suggested that the effectiveness of 
routine Bakasy began to falter seriously around three and one-half years of 
age. However, Individual Ss above this aga had difficulty and at the same 
time soma Individuals below this aga succeeded. The relatively good rasults 
with chlldran below six years of age was not anticipated prior to tha present 
project. In spite of this, we ware Interested In exploring the possibility 
of devising this relatively objective test procedure for future use with 
greater numbers of young children. Tha purpose of Exparlmant VII, than, was 
to modify and test what we cal! the MAS teat, which Is a Modified Ascending 
Bakasy approach to vlbrotacflte conditioning with tha cross-modality general- 
ization to absolute auditory threshold measurement following. 



Three Independent groups of deaf and hearing adult Ss provided baseline 
data for tha Modified Ascending Bekesy (MAB) technique. The auditory thresh- 
old data resulting from this new procedure was In the predicted direction, l.e., 
more sensitive threshold by routine Bekesy as opposed to the ascend log method 
(MAB). It was of Interest to determine the expected dB difference batwaan tha 
two psychophysical methods and to test whether or not the difference was of 
statistical significance. The overall results of the three Independent samples 
Indicated that the average difference between routine Bekesy and MAB thresholds 
was approximately 3-4 dB with the former being more sensitive. This small 
dB difference was found to be statistically significant at tha three frequencies 
tasted. Regression aquations were computed and presented for research Interest 
rather than assuming any marked clinical significance. The results of this 
experiment clearly Indicated that the MAB technique could be used to achieve 
auditory thresholds and therefore led to Experiment VI 1 1 which was designed 
to determine the minimum age of acceptable performance of the technique on the 
part of vary young hearing Impaired children. 



6. Exparlmant VIII. This experiment evaluated tha performance of 6, 
3, 4 and 3 year old deaf and hard of hearing with the MAB technique. Their 
performance was compered on an aga basis and also contrasted with previous 
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reeults from Independent samples tested with IT-A and IT-B wherein routine 
Bekesy auditory thraahold performance was tested* Tha raaulta damonstratad 
that chlldran at young at thraa (2-1/2 to 3-1/2) aatlaf lad tha 300 past 
cr I tar Ion to tha V-T tracing task; however, auditory generalization occurrad 
In only 300 of tha thraa yaar olds. Tha overall results of this experiment 
Indicated that with tha MAS tost It was possible to obtain accurate auditory 
thresholds on deaf and hard of hearing chlldran at a younger C A than with 
Methods IT-A and IT-B* Of the two methods for obtaining auditory thresholds 
by tha technique of routine Bekesy, IT-B appeared to be tha quicker and easier 
method learned. All three procedures appeared to be valid methods of obtain- 
ing auditory thresholds In young deaf children* Tha MAB technique, which was 
learned as rapidly as IT-B In routine Bekesy, proved to be a good alternative 
method for obtaining auditory thresholds In those children who did not learn 
the; more difficult threshold tracing task with IT-B* 

' i 

Continuously variable cross-frequency generalization with the MAS test 
Indicated that this was tha rule after auditory thresholds were traced with 
a fixed frequency* 

E* Summary. 

Tha series of eight experiments comnletad In this project Included the 
development and quantification of vtbrotacHle conditioning procedures that 
lad to the measurement „of hearing In hearing and deaf Ss ranging from adults 
to as young as 2-1/2 yimri. A modification of tha Radloear B-70A bone 
conduction transducer was coupled with tha Grason-Stadler E-BOO Bekesy audio- 
meter to provide a programmed stimulus used to Instruct, nonverbally, deaf 
and hearing Ss to perform routine Bekesy audiometry* Cross-modality general- 
ization from a v I Protect He to an auditory stimulus was found to take place 
routinely In all age groups* 

A modification to the E-800 audiometer was developed that would allow 
a single press of the response switch by the S to measure ona f s ascending 
threshold* This procedure referred to as MAB (Modified Ascending Bekesy) 
was found to be effective with children as young as 2-1/2 to 3-1/2 years of 
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APPENDIX A 

£ '' 4 -X 

1 . ? . ' v . • 7; f ■ -v ' >: ■ • - f , 

Thi three Instructional procedures developed In this project have bean 

. , ■ . t . . -i 

prasantad In datatl In tha appropriate experiments In the body of this report. 
Appendix A presents these procedures In a convenient form for clinical and 
rMMrch application. 

INSTRUCTIONAL TECHNIQUE A < IT-A) 

A. Preparation of Equipment. 

Al. Calibrate the OS E-800 audiometer In the standard may recommended 
by the manufacturer. 

A2. Set the audiometer to deliver a f Ixad frequency of 900 cps. 

A3. Set the standard 20 dB pad to the t20 dB position. 

A4. Insert the V-T transducer Jack Into the T o ne P h one outlet on 
tha rear of the E-600 chassis. For those audiometers equipped with the E-800-8 
earphone selector switch, Insert the V-T transducer Jack and one earphone plug 
Into tha E-600-6 switch. Turn tha selector switch to the V-T transducer position 
A9. Set the Blectronlc Switch to the Alternate-On position. 

AO. Set the E-800 recording pen to the SPl cam (Hearing loss com and 
ISO cam can be used In place of SPU. 

A7. Prepare a one Inch strip of elastic tape long enough to wind 

* 

completely around the V-T transducer, Its spring-plate mod If lost Jon, and tha 
thumb of the subject. 

B. Vlbrotactl Is Conditioning Procedure. 

Bl. Have child alt at a mall student's desk. Adult Ss should be 
provided a comfortable chair with arms. 

* B§» Place the Bid loser B-70A v ibretsctl is tr a nsduce r on the pad of 

. i ■, s i 

the thumb on the hand oppoelt* to thpt used for writing. Drew the elaotle tape 



•round ft* transducer, Its «prln|^l«t^ and tin $ 9 s thumb with tuff lefsnt 
pressure to Just berely depress completely the 290 gm. spring. 

89. Hold the r s spon i s snitch In class prsdsltyto the S's thumb to 
which ths trsnsducsr Is attached. Ths r ss ponss switch ssy be taped to ths top 
o# ths school desk within sssy rssch of young Ss. 

B4. Place your left Index f fngsr and thumb on ths sides of ths trsns- 
ducsr attached to ths thumb of ths S. 

89. Without depressing ths psn to ths recording paper , sot ths psn 
neor ths 420 dB I Ins on ths rscordlng paper {440 dB nominal SPU* 

B6. Switch ths Electronic Switch to ths ftilsed tons position. 

87. As soon as ths V-T stimulus Is perceived, push ths rssponss 
switch and hold down until ths V-T stimulus Is no longer psrcsptlbls. Release 
ths switch until ths V-T stimulus sgs I ft becomes psrcsptlbls. Repeat this 
demonstration for spproKlmstsly six or sight pairs of prsssss and rslsssss. 

Turn off ths stimulus. 

BB. Return ths chart to ths full-right position. 

09. Remows your Index finger and thumb from ths trsnsducsr attached 
to ths $ f s thumb. 

BIO. Plsos ths psn to ths recording paper at • level of 420 dB on 
ths rscordlng ptK*er (440 dB nominal SPL). 

BII. Place ths rssponss switch In ths hand of ths S opposite that to 
which ths V-T trsnsducsr Is attached., If the rssponss switch Is taped to ths 
‘ desk* haws the child plsos his Index finger shows the switch In readiness to 
prose It. ‘ ; 

BI2. Turn tha Electronic Switch to tha Pufsad position and thsHstor 
switch to the R awe r O n position and si low, the t to tpcss bis* Vr*T threshold* 

BIS. * WIN of IO .TMM. .n*. IS. r.l«MM 
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the re cording pen to the +20 dB level on flit wording chert and ol loo a 
second trial of five presses and five releases. 



BI4. Applaud oorract behavior and smile e ncourag eme nt whan 8 appears 
to be performing appropriately. Remain pasilva whan 8 appaara to per for m In- 
correctly. 

BI3. Grttarion la daflnad aa two auocaaalva trlala of 10 praaaaa and 
lOreleases tha means of which do not dfffar by mora than 10 dB. If necessary, 
tha S la allowed a maximum of flva trlala to aatlafy tha crltarlon. If at tha 
and of flva trlala tha S doaa not aatlafy criterion, ha la relnatructaid aa par 



B4 through BI3. Tha aacond attempt by tha 8 to traca hla V-T threahold may 
axtand to tan trlala. 

■ 11 

BIO. Thoaa Sa who aatlafy tha V-T tracing crltarlon are than ready 
to be tested for generalization to an auditory stimulus. 

C. Genera I list I on Test Procedure. 

Cl. Remove V-T transducer from tha thumb of tha S. 

C2. Place tha teat earphone over tha S f s ear to be tasted, and set 
tha E-800-8 switch to the earphone position. 



C3. Check to be certain that tha 300 epa fixed frequency Interrupted 
tone la to be dal Ivered through tha teat earphone. 

C4. The +20 dB pad remains In, and the pan Is returned to an arbitrary 
subthreshold I we I. 

C3. Place the response switch In tha hand of tha 8. If tha response 
switch Is taped to the desk, place the S f a hand In close proximity to It. 

C6. Point to the ear to be tested* then point to the r esp o nse switch. 

CT. Turn on tha pulsed tone# and allow the 8 to trade hla auditory 



threshold* Return the 

of tan pr a a aaa 



to an £ / level following each 

th. S if *1 IflMd m wny 
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necessary to trooo two consecutive trials the means of which do not differ hy 
more thin 10 dB. Othsr frsquonclss can bo selected at the discretion of the 
examiner following successful genera Hat Ion to the 500 cps tones delivered 
vis the earphone. Fixed or verlehle frequencies end pulsed or continuous tones 
ay be combined In order to derive additions I data concerning the S f s auditory 
status. 

INSTRUCTIONAL TECHNIQUE B (»T-B) 

A. Reparation of Equipment . 

AH Calibrate the 6$ E-600 audiometer In the standard ay recommended 
by the anufacturer. 

A2. Set the eudiometer to deliver a fixed frequency of 500 ops. 

A3. Set the standard 20 dB pad to the +20 dB position. 

-V' 

*A4. Insert the V-T transducer Jack Into the Tof«e-Phone outlet on 
the rear of the E-600 chassis. For those audiometers equipped with the E-600-6 
earphone selector switch* Inart the V-T transducer Jack and one arphone plug 

. i • j, . " 

Into the E-800-6 switch. Turn the at actor switch to the V-T transduar position 
A5. Set the Electronic Switch to the Alternate-Oh position. 

A6. Set the E-B00 recording pen to the SFL cam (Haring loss ca 



and ISO ea an be used In plaa of SPU. 

A7. Prepare a one Inch wide strip of elastic tape long enough to 
wind completely around the V-T transducer* Its spring-plate modification and 
the thumb of the abject. 

B. Vf Protect He Conditioning Procedure. 

Bl. Have chi 1^ sit it a small students desk. Adult Ss should be 

provided a comfortable chair with arms. 

K. P!ac« tfc. IMIgaar B-70A vlbrotaetll. franoiucw on th. pad of 



I . ,, ■ • . 

I . ■ . !l ■ v ■' : • 

•tl IB- 

the thumb on the hand opposite to that used for writing. Brew the elastic tape 

’’ ■ fe ; 

•round tba tranaducar, Ita aprlng-pla+a, and tha S’a with auf#lela«t 
praaaura to Juat baraly dapraaa comp I at* ly tha 230 gm. aprlng. 

W, Hold tha raaponaa awltch In eleaa pronlalty to tha S’a thuah to 
uhlch tha tranaduear la attaehad. Tha raaponaa -Mitch may ha tapad to tha top 
of tha aelwol daak within aaay ranch of young Sa. 

0 t 

B4a Position the recording pon of approximately SO 06 oft the record 



Ing paper (100 dB nominal SPL). 

B9. Present the 900 cps fixed frequency continuous tons to the V-T 
tronsduoor by switching from tho Aiternete-On to tho Stimulus-On position. 

Keep tons on for approximately 4 - 9 seconds. 

B6. As soon os tho S ocknoo lodges In ony overt menner the presence 

of the V-T stimulus, press the response so Itch. 

BTa After presenting the stimulus for approKlmotely 4-9 seconds, 
switch from Stlmulus-On beck to AlteriwN-On, end et the seme time releese 

the button on the response switch. 

B8. Repent 95, 86 end B7 for severs I presses end releases, end 
vary the duration of the signal rather then presenting It for 4 - 9 seconds 

each time. c.x -\ , s, : ; ..Cx xx •-x '-f •' 

B9. Piece the reeponse switch In the S*s hand opposite thet to which 

the V-T transducer Is attached. In cases where tho switch Is taped te the 
leble top, place the chi Id f e hand In close prow 1m tty to the button of the 
•witch. ^ V 





w,i w, ■ m. mm ■■ » ■* w -tw ,• — . 

simultaneously prams the, thumb or .-IndeK -f-tngar^of, the •4 tm t» the ^bu^ton^ of 
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v ~ 



the fesponse’^swlteh^ent' .^wrwad^-' off., 
dsmonstrat ion ^ 
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-ut- 
il | . present tha signal , and alios thsS to manipulate the response 
switch without help for ••many trials a« •'irtigatif^-- , for , tlia J to respond 
appropriately. 

B12. Return the Chart table to tha full-right position. 



013. Engage the recording pen at a laval of apprcKlmefely 420 d0 on 



tha graph paper (440 dB nominal SPU. 

014. Turn on tha 300 ops fixed frequency Intarruptad tone, and 



allow tha $ to traca his thrashold. 

013. Attar a tar las of 10 prassas and 10 releases by tha S, raturn 

tha recording pin to tha 420 dB level on tha racordlng chart and allow a sscond 

trial of five prassas and f Iva releases. 

016. Applaud correct behavior and smlla encouragement whan S appears 

to be performing appropriately. Raisa In passive when $ appears to perform 
Incor r ectly. 

BIT. Criterion Is defined as two success Iva trials of 10 prassas 



and 10 releases tha means of which do not differ hy mors than 10 dB. If 
necessary, tha $ Is allowed a maximum of flva trials to satisfy tha criterion, 
if at the end of five trials the S does not satisfy criterion, he Is relnstruc- 
ted as par 04 through 013. Tha second attempt hy the S to traca hts V-T 
threshold may extend to tan trials.; 



BI8. Those 8s who satisfy the V-T tracing criterion are than ready 
to ha tasted tor generalization to an auditory stimulus. 



i Vi#V 






C. S^.r.llz.tloo Ugf Proc^yr. . 

c». Rmow. V-T tramduow irm H» thirt of th. S. 

C2. (>Im. th. twt Mrphwi. wot th. 5'. *r to b. «nd 

aafr ttw E4004 mltoh to th. «rph«li po*lti«i. 
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C3. CiMefc to b. o«t*tn- tWt th. SOO e^ f 1)^ tr^M^ »r»t<rrMBt*4 
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tone It to be del Ivered through the test earphone. 

€4. The +20 dB pad rone I ns In, and the pen If returned to an 

arbitrary subthreshold level. < 

03. Place the response switch In tho hand of the $• It tho response 
switch is toped to ths deek, p loco tho S*s hand In dose proximity to It. 

06. Point to ths ter to ho tested; then point to the response switch. 

07. Turn on the pulsed tone, end allow the $ to trace hie auditory 
threshold. Return the pen to an arbitrary subthreshold level foi lowing eech 
trial of ten presses and ten releeses. The S is allowed as many trials as 
necssaary to trace two consecutive trials the weens of which do not differ by 
more than 10 dB. Ofher frequencies can be selected at the discretion of the 



eicamlner following successful generalization to the 300 cps tones delivered 
via the eerphone. Fixed or variable frequencies and pulsed or continuous tones 
may be combined In order to derive additional data -concerning the S*s auditory 
status. £ 'V' 



INSTPUCT10KAL TECHNIQUE C (IT-C) 

A. Preparation of Equipment. 

AI . Calibrate the GS £-800 audiometer In the standard way recommanded 



‘..v ;; 



by *ttHi imwficturir e 

A2. S* th. audlcnwtar to d.ltvar a ♦ lx«d tr.qu.ncy of 300 cp* 
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A3. 

- :'v - *1 a p ..tv . ... 

A4. Insert the V-T transducer Jack into the Tqne-Phone outlet on 
th. rwr of th. E-S00 clwu'«. For thoM audloMtMr. «qwlppwt with th. E-800-8 

, InMrt th. V-f tranaduoar Jack and on. «rphon* plug 
into the |«B00*8 switch. Turn the selactor switch to the V*T transducer 
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A3. S«ft the Electronic 9w!tch to the Alt«rfiit®H^>pd»lf loiiv 
A6. Sit thi E-flOO recording pin tothe SPl cam (Hearing loss elm 
and ISO cam can be used In place of SPL). 

A7. Prepare a one Inch wide strip of elastic taps long enough to 
wind completely around the V«T transducer. Its spring-plate modification and 
the thumb of the subject. 

AS. Set automatic timer mechanism to six seconds attenuation time. 

B. Vlbrotact! Is Conditioning Procedure. 

il'il ■ V ■ " 

BI. Have child sit at a small students desk. Adult $s should hi 
provided a comfortable chair with arms. ' 

B2. Place the Radloear B-70A vlbrotactlle transducer on the pad of 

>/' ' v ’- ' * _ . 

the thumb on the hand opposite to that used for writing. Draw tha elastic tape 
around the transducer. Its spring-plate, and the S' s thumb with sufficient 

' ' ” ’i 

pressure to Just barely depress completely the 230 gm. spring. 

B3. Hold the response switch In close proximity to the S f s thumb 



to which the transducer Is attached. The response switch may be taped to the 
top of the .school .desk within easy reach of young Ss. - 

B4. Position the recording pen at approximately 80 dB off the 
recording paper (tO^ dB nomine! SPU. 

. ! , 85... Present the 300 cpsiflxed frequency continuous tone to the V-T ■ 

transducer by switching from the Altarnate-Cn to the $t!mulus*0n position. 

Keep tone on for appraclmately 4 - 5 seconds. 

®«y ^ert manner the presence 

of the V-T stlmu lus^ press and laaiedtatel^ releaee^ the button of the response . 
switch. Turn the - SlectronlO Switch to the Alteftiate^Oii positions < 



to give' the S the 1 Idee does not become Impeiceptlhlo li^ 




amt slmullanaously prats tha thumb or lnd«c f Ingar of tha S on tha button of 
tha raspofcja witch; than ralaaaa Immadlataly. Rapaat this damonstratlon 



procadura four or flva tlmas. • 'f 

BIO. Prasant tha signal amt allow tha S to manlpulata tha raaponaa 



appropriately. 

Bit. Rahim tha chart tabla to tha full-right pat Itlon* 

BI2. Engogt tha recording pan at a; I aval of approximately +20 dB 

on tha graph papar i+40 dB nominal SPL)« 

813, Turn on tha 500 cps fixed frequency Interrupted tone, amt 

allow tha S to plot his ascandtng threshold. Allow S flva threshold trials 
to check on hisunder standing of tha task. It two cohsacutiva thresholds 
among tha f lva pract lea, trials ara within 10 dB of ona another, It Is assumed 
that tha task Is understood. If this or I tar Ion Is not sat 1st lad, tha S Is 



switch without ha Ip for as many trials as required for tha S to raspond 




tone Is to be delivered through the test earphone, 

C4. The +20 dB pad remains In, and the pen Is returned to an arbi- 
trary subthreshold level. 

C5. Place the response switch In the hand of the S, If the response 
switch Is taped to the desk, place the S’s hand In close proximity to It. 

C6. Point to the ear to be tested; then point to the response switch. 

C7* Turn on the pulsed tone and allow the S to plot his ascending 
auditory threshold for ten presses. Return the pen to an arbitrary subthresh- 
old SPL level following each trial of fen presses. The S Is allowed as many 
trials as necessary to plot two consecutive trials the means of which do not 
differ by more than 10 dB. Other frequencies can be selected at the discretion 
of the examiner following successful generalization to the 500 cps tone deliver- 
ed via the earphone. Fixed or variable frequencies and pulsed or continuous 
tones may be combined In order to derive additional data concerning the S f s 
auditory status. 



